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1 E. Author has ertiployed many 
3 hours in making the 
different parts of the apparatus, which 
will be deſctibed in the folldwin wing treatiſe: 
and us he Das Been but little converfane 
with mechanical '* 1 any 


er tions” | on any 
other1oeehfibn he cam laure * the "rea- 
der, that a ſmall humber'sf! tools, and 
a moderate ſhare of fkill in uſing them, | 
will enable any perſon to make the "fame 
for himſelf. Five of fix ſmall files of dif. 
ferent ſhapes, a fer drills ofdifferent ſizes, i 
one or two ſmall ſteel broaches, 2 ben. 
knife, and ſome poliſhing paper, are the 
principal inſtruments which will be ne⸗ 
_ to form all the different conſtruc- 
tions, 


- 


(vii) 
tions. The file witt give the neceffary 


ſhape; the edge of the knife, by drawing 


it over every part of the ſurface, will re- 


move all equalities 5 and the Goliſhing 
paper will give a proper finiſh to the 


whole. The laſt part of the operation will 


be uſeful in making a ſlender needle. of 
ivory: far after the needle is become inca- 
pable of: being conyemently. reduced to | 


leſs diameter by the file end the knits; ib 
may, be diminiſhed to the fzg of a mere 
thread, by repeatedly drawing every part of 
from the middle to both extremities, be- 
tween. a folded piece of poliſhing paper. 

and. gently. preſſing it, bet eon th thumb 

and the fore finger at the ſame ine. In 
this manner a, ſingle horigontat iv r 
needle has been made two inches and 


three quarters long, and, ſo ſlender, that 
ä the whole needle, when armed with a pair 


of ivory Wh, INTER nnch a 
grain TI tre Ai 


6 12 


5 ( i) 
These little inſtruments of eheftrienty, 
particularly ſue of tem as were defigned 
to explain the elementary part of thefub- 


ject, may be contained within a very nar- 
| row compals ; and ds Wy have now been 
uſed many years, they can therefore be 
recommended from lotig' experience as 4 
convenient pocket apparatus, which being 
_ always at hand, will enable the eleckri- 
clan at any ume t How fach an explatia- = 


den of things, us may perhaps "engage 
"others to becbme fellow labourers With 


him, i ae the * feld — 
r e hi 1163: wh 
3 S 
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. ether fimple confſtrüctions, 
= kit SS Wig employed in 

_ tht device of electtieity; might Have been 
added, and theſe would certdiifly® have 
contributed to iſtuſtrate the ſubject a lit- 
thai by ſhewing ſome varfety in perform- 
ing tlie ſame experiments; but as no 
We a could he deri ved from 

an them, 
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them, and as the experiments appear to 
be ſufficiently varied already, theo have 
aber demie n or isl gi 
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The beautifulſhwplicity of the Bank 
Iinian ſyſtem procured it a reſpectful at- 


tention every where, on its firſt publica- 
tion: and as it was at the ſame time well. 
ſupported by experimental evidence, and 
is now almoſt univerſally. received, after 


an examination of between thirty and 
forty years; this doctrinę of poſitive 


and negative electricity, may be con- 
fidered as a certain and well eſtabliſhed. 
truth. It will be attempted in the fol- 
lowing treatiſe, to illuſtrate the connexion. 

as well as the contrariety of. theſe two. 
powers, and to enquire particularly into 
the nature of charged glaſs; and it is 


apprehended that the reſult of theſe ex- 


periments may contribute a little tol the 
confirmation of this doctrine. Every 


electrician knows, that light bodies elec- 


tigt "I trified 


(.). 

| trified negatisvely recede from one another 
in the ſame manner;,as, when they are 
eledrified, poſitiygly; and chat it has been. 
attended with Tome gifficulty to explain 
this experiment in duch A manner, as 

1 þ be > conſiſtent. w with the unity of the 
clear gal. flui ud. of 1750 Attempt will. be 
made to, folve this di iffculty, by conſider- 
ing what changes in the air are likely to 
be produced by a power of either kind : 
and whether the obſervations on this head 
ſhall. appear to be ſatisfactory or, not, it 
is recommended to the reader, to direct 
his inquiries to the ſame. part of the 
 LubjeR,, ag! the moſt likely means of lead- 


ing him; to a her en or to ſome. . 
other diſcovery, . 
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The progrels of the . age ine clec- | 
21 tricity. has been truely, ſurprizing: a 
we are ſtill unacquainted with the uſes of 

the electrical fluid i in nature. The air 
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the earth, in e every portion gf mata, 
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ter we can extitmins,” Spears te contain 


ſome of it ; which tlietefore miſt be uni- 


verfally diſtributed through the Whole 
material wofld: aid from this Unver- 
fafity* alone we may koncfude, Mat its 
fes muſt be conſiderable in the prefetit 
ſyttert. S6ttte future philoſopher will be 
likely to diſcover what ſome of thefe ut? 
ate; and perhaps at the fame time lie 
may help to explain, how mofe 6f lets of 
this fluid / operates in corfunckiott with 
othet cauſes,” in the formation of Ind, 
hail; friow; rain, and afl the other Woh 
ders of our atmoſphere. It appeals frotti 
the moſt deciſive experiments, that light: 
ening and electririty are one and the fame 


thing; and the aurora borealis may, with | 


great probability, be aſcribed to the ſame 
cauſe: but we cannot ſhow by y any di direct 
experimental proof, How an electrical 
power i is: generated in nature. Prom theſe 
and'many other confiderations it is evi- 
dent, that we are at preſent very iniper-" 
fectly acquainted with this branch of 

| PE know 
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knowledge, which may. truly be conſis». 
ande being ſtill in its Wasen 


Tai inquire into the laws and operations 
of nature, is an employment perfedty, 
well ſuited to the nature of man, and 
capable of adding real dignity to the 
moſt exalted, ſtation. Experimental i in⸗ 
quiry, which is the moſt ſure and certain 
road to truth, appears to be inſeparably 
connected with homan nature: for the 
common buſineſs of the world is really a 
courſe of experiments, in which every in- 
dividual is conſtantly employed. The 
mechanic, the manufacturer, the artiſt, 
all derive their {kill entirely from habit, 
which cannot be acquired without fre- 
quently repeated trials; and the uſes f 
all the neceſſaries and canveniences of life 


are equally the reſult "gf expetimant. 5 

A ᷑very rational creature, therefore. 

is capable of walking in ſome of the 

delightful paths of experimental phi- 

loſophy. Electricity in particular is 

within the reach of any perſon, and if 
| thoſe - E 


A — Oy onm__ = __— amn 
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thoſe who Bae leifure wolle employ part 
of it on this ſubject, and encou burage others 
to do the ſame, great improvements might 
then be expeded: for it is reaſon 0 ſonable to 


ll believe, that many important = 
i are ready to reward the indu try of thoſe, 
who ſhall carefully apply themſelves to. 


this part of experimental d 
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WIRE dect. 44, mould b _ 2 
one added men — | Experiment X7 
$7, = 5, for as a glaſs, read as glaſs, experiment. 
97, == 6, for electricity, read elaſticity. | y 
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11 i EE *** nan the firſt e 7 
of Electricity might be conveniently explained 


> Ke 


ſtances; ſuppoſing they were to be ſo formed 


as to move freely on a point, aſter the manner 
of che magnetic needle: and the purſuit of this 
idea has produced the following 3 
and Obſervations. 1 
A very ſmall excited electric, me * 
a few grains, will be ſufficient to electrify ſome. 
of theſe needles; but in moſt of the following 
experiments it will be neceſſury to uſe a ſmall 
round ſtick of the beſt ſealing- wax, Which is to 
be excited with a woollen rubber; and a cylin- 


drical piece of ſmooth ſolid glaſa, of the ſame 


particularly mentioned. 


dimenſions, which is to be excited by rubbing it 
with ſilk. No larger electric bodies are to be 


uſed for the preſent purpoſe; unleſs it ſnall be 


Moſt 


trie bodies themſelves... 


(Q 
Moſt of theſe experiments may be performed 


two different ways; with an excited electric, 
or with a conducting body inſulated and elec- 
tried; and therefore the obſervations, which 
will be made in tlie ſeqnel, muſt be applicable 
to an electric power in general. With regard 
to the different methods of performing theſe 
experiments, the preference is given to the im- 
mediate uſe of the excited electric, that every 


N GET nigh be ſhewn 2 the mot "PE 


foren. 11 


The ee of the/diferent needles; and 
their ſeveral} coennem ions will be given when 
they ſhall be immediatcly wanted; ad the 


whole may be divided OR party: . 


I. Some of the ch Ab 0 eleArical 
power it capable of nn mn 
ſubſtances. 

II. Similar elit f th fn pownr 


! bry 


IM. Obſervatious e, electric TAR? 
fon; the elerified cup; and n _— 
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1 be Cnr of a 7 lu Needle. 


oe no pa DC TRAN ee 
Ak E a ſlender needle of i yory,« or any 
M other conducting ſubſtance, ' three or 
four inches long, and of the ſame ſize from the 
extiemities to the middle part, which muſt be 
broad enough to. admit of a round hole being 
made through it, about the tenth part of an 


inch in diameter, for the reception of a. proper 


cap. The thickneſs of the heavieſt needle ſhould 
not exceed the twenty fourth part of an inch, 
and if it be intended to make a very light needle, 
it muſt be reduced to leſs chan half that ſize.— 
tada; ad te e 15 if 45% Ler 
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Aeta cap I alſo made of ivory,* 8 a 
cavity about the eighth part of an inch deep, 


and the twentieth of an inch wide, and its 


termination ſuch, as will allow it to move freely 
on a point. If che outſide of the cap be made 
a little 


— 


Fc A cap may be 2 EY of laſs, in * llowing 
manner. Get a piece of glaſs tube four or five inches 
long, the cavity of which ſhould be about the twelfth or 


fifteenth part of an inch in diameter, and its ſides about 


© the thirtieth part of an inch thick. The end of this tube 


may be hermetically ſealed, without the aſſiſtance of a 
blow-pipe, by holding one end of it in the upper part of 
the flame of a candle, turning it round the whole time, 
and taking care, that the end to be ſealed be held lower 
than the other. If the candle burns ſteadily, the glaſs 
will ſoon run, ſo as to cloſe the end entirely within a few 
ſeconds, and a well poliſhed concavity will be formed, of 
a moſt convenient ſhape for the purpoſe intended. After 
it is cool, mark the ſide of the tube with the edge of a file, 
about a quarter of an inch from the ſealed end, more or 
leſs, according to the depth of the cap wanted, and in that 
place it may be eaſily broken off. Some irregularity ge- 
nerally attends the breaking, which may be ſoon removed, 
and the bottom of the cap made both ſmooth and ſquare, 
by a few gentle ſtrokes of a proper file. Theſe glaſs 
caps muſt not be uſed in thoſe experiments which require 


a free paſſage of the electric fluid between the ſupporter 


and the needle, becauſe in a dry ſtate of the air, glaſs will 
prevent ſuch a communication. It was, however, thought 
proper to mention this eaſy way of making them, becauſe 
it was apprehended they might be uſeful in magnetic ex- 
periments. Melted 'glafs cools with a very high poliſh, 
and by this method may, perhaps, furniſh a good ſubſtitute 
for the agate cap, which cannot always be procured, 


: 


of Wa ep 


(&) 


a little conical, and the hole in the middle of 


the needle which is to reteive it, be opened 

with an inſtrument of the ſame ſhape, the one 

may be ſo well fitted to the other, as to require - 
no other faſtening. Every part ſnould be made 
round, ſmooth, and as free from angular edges 
and ſharp points, as poſſible. * Let a cylindrical 

piece of poliſhed amber, one inch and half long, 

and three tenths of an inch in diameter, be fixed 

perpendicularly in the middle of a flat round 
ſtand, made of a piece of cork, faſtened in a 

ferrule of ivory or metal. ' Let the upper end of 

the amber be rounded,” and have a hole drilled 

into it, a quarter of an ipch deep, for receiving 

the lower end of a ſmall rod of ivory, about two 
inches long, and pointed at the n end. On 
this n the needle is to * mounted. - | 


Sec. 2. Amber? appears to be one of the 


moſt perfect electric bodies, and is therefore 


choſen for the inſulating ſubſtance: but as am- 
ber cannot always be readily procured, ſealing- 
wax, and other bodies of the ſame kind, will 
anſwer the purpoſe very well. If glaſs be em- 


ployed for the inſulator, it ſhould be always co- 


vered with a refinous varniſh, or . a coating 
B 2 85 Seck. 


> Clouded'amber inſulates better than the tranſparent ; 
it is alſo leſs brittle, and Ay works better under the 
file and drill. 
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Sect. 3. Suppoſing the extremities of one of 
theſe ſmall needles to be ever ſo well rounded, 
they muſt act in ſome meaſure as points; which, 
as is well known, are more ready to receive, 
or to part with the electrical fluid, than more 
obtuſe bodies of the ſame kind. For this reaſon, 


both ends of the needle may be armed with a 


ſmall ivory ball; and thus it may be rendered 
capable of receiving more of the electrical 
power, and of retaining it longer. It muſt, 


however, be obſerved, that theſe balls are not 
abſolutely neceſſary, becauſe even the ſharpeſt 


pointed needle will be found to retain enough 
of the communicated power without them. 


Seed. 4. The accidental undulations of the 


air, will occaſion the needle to wander about 
into every poſſible poſition, whether it be elec- 
trified or not; and as theſe motions may be 


liable to be miſtaken, for thoſe which are in- 


tended to be ſhewn, it will be proper to guard 
againſt them. This may be done many dif- 


ferent ways. If any ſmooth conducting body, 


not inſulated, be placed at the diſtance of an 


inch from one extremity of the electrified needle, 
it will, by its attraction, render the needle. ſta- 


tionary, without deſtroying its power, and thus 


afford an opportunity of ſhewing how other bo- 
dies attract or repel it, without the leaſt confu- 
ſion. The ſame purpoſe may be anſwered by a 


ſcmall 


( 55 ) } 
ſmall ſmooth rod of i ivory, faſtened horizontally 
on the ſupporters, immediately below the 
needle : or by a ſmall circle of ivory, or braſs,” 


faſtened vertically to the ſupporters, ſo that the 
point on which the needle traverſes may be a 
little above the centre of this circle. When 
the needle is electrified, it will form right angles 
with the rod, or with the plane of the circular 
regulator. Other contrivances may alſo be em- 
ployed; but it appears unneceſſary to enlarge 
on this head, becauſe che excited electric alone 
may be eaſily ſo managed, as to regulate every 
accidental motion, and give the needle nit Pet 
tion that may be required. WW Note * 

One of theſe needles, armed with ivory balls, 
and mounted on its ſupporters,” together witn 
the inſulating amber and ſtand, are repreſented | 
in fig.*r. | Fig: 2 "repreſents another ſupporter, 
conſiſting of à pointed braſs wire, fixed in a 
piece of Ho ivoty. Fig. 3 repreſents a ſtrait 
regulator; and fig. 4 4 circular regulator of 
ivory, faſtened to the ſupporter- Fig. 5 ſhews 
one half of a differently © ſhaped ivory needle, 
terminating in a circle; and in fig. 6 is ſhewn/ 
an eg teedle' made in a ſerpentine fort. FO 
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"EX P:ERTME NT I. 


| 3 Ge Let a needle be inſulated; and 05 ö 


fied either poſitively or negatively ; and we may 
e the following particulars ; which are-to 


B 3 be 


(164); 


be regarded as the deſt or evidence, of the dectri- . 


cal ſtate of the needles, or of other bodies 


brought towards them, in any of the following 
experiments, and are to be repoared for ent | 


r e 20k 3 29811 ol) n 2 


ae; extremity of the elefirified needle, attracts it. 
This part of the experiment will ſhew with cer- 
* whether the needle be eleQrified or not. 
2. A power of the ſame ind as that enbiab was 
communicated 10 the needle, repel it, This parti». 


cular is almolt equally. certain in determining 
whether the power be poſitive or negative: 
only care muſt be taken not to approach a 


needle weakly electrified too ſuddenly. with a 
ſtrong power of the ſame kind; becauſe in that 


caſe, it will be attracted and not gepelled. 


_ 3-4. contrary power 'attraffs it, This may 
alſo be of ſome ſervice in ſhewing the quality of 
the communicated electricity; for, notwith- 
ſtanding a needle in its natural ſtate will be at- 
tracted by a power of either kind. it will, how- 
ever, be attracted at a greater diſtance, —_— it 
poſſeſſes a contrary eleftricity. . 

4. An electric body; in ita manu lav h 41. 


trafts the elefirified needle. Care muſt be taken 


with regard to this laſt particular, that the elec- 
rric- ſubſtance be in its natural ſtate, . It may 
have acquired ſame dampneſs, from being hand- 
led, or from the nen: or it may have 

retained 


1. Am conducting body brought ſideways 1 


* 


taining. 


CA) 
retained a ſmall degree of power, from having 
been lately excited, and either of theſe circum- 
ſtances may be ſuppoſed to be the cauſe of the 
attraction. Therefore, i in order to remove every 
doubt, let the cleric body be firſt held near a 
pretty good fire, which will, in a ſew ſeconds, 
make its ſurface quite dry: or it will deſtroy 
any ſmall degree of excited power: and when it 
has been aſcertained by a direct experiment to 
be in its natural ſtate, it will be found to aro 
_ cleAtrified needle. ä 


EXPER IMENT II. 


Sec. 6. Let an excitad electric of either kind, 


be . brought obliquely towards one end of the 
inſulated needle not electrified, and it will attract 


that end at the diſtance of ſeveral inches. On 


bringing it gradually nearer, the attraction will 
encreaſe, as the diſtance decreaſes. Examine the 


ate of the needle at different times during the 


experiment, and it will appear, that no perma- 
nent power can be communicated at a greater 
diſtance than about half an inch. Even at this 


| diſtance it will be but weak ly electrified, and the 


excited electric muſt not only touch the needle, 
but alſo have ſome portion of it drawn along in 
contact with the needle, in order to communi- 
cate to it the greateſt power it is capable of re- 


- 
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Seck. 7. The whole ſpace to which the action of 
an excited electric extends, i is here diſtinguiſhed 
into two parts, a greater and a leſs. The former 
may be called the Spbere of Influence, as jn every 
part of it the needle is attracted, without receiv- 
ing from the excited electtic any of its power. 
The latter may be called the Spbere of. Commu- 
nication, becauſe in this the needle is not only 
attracted, but alſo receives an electric power, and 
retains it after the excited electric i is removed. 


Sed. 8, It muſt be remembered that theſe 
eee will increaſe or decreaſe, as a ſtronger 
or weaker pover is employed; and .that they 
will alſo vary in ſeveral other circumſtances :— 
particularly as the needle is made either of a good 
or a bad conductor; as it has rounded or ſharp 
terminations z, and alſo as the air is more or leſs 
dry. The diſtance of half an inch, mentioned 
in the experiment, is to be conſidered as belong- 
ing only to thoſe ſmall electric bodies, to which 
the preſent experiments are confined ; but in any. 
other caſe, the limit between the ſpheres of in- 
fluence and communication may be aſcertained, 
þy determining the greateſt diſtance experimen. 
tally, at which a communication can be made. 


EXPE. 


4 pu 
7 


power, moſt therefore repel it. 3. Let: the 
conductor, which reaches to the table, be re- 


6 
EXPERIMENT * 


Seck. 9. Let a rod of ivory, or Fo a val — 
ductor, reach from the ſupporter of an inſulated 


geedle, to the table. By, thi the inſulation; will 


be deſtroyed. Let an excited electric, of — 
kind, be fixed perpendicularly. in any benen 
Rand, and brought within three quarters, of an 
inch of one end of the needle, which will be at- 
tracted by it.—1. Approach the attracted end 
of the needle wich a contrary power, and it vill 
be repelled. This end, therefore, of the needle, 


| has acquired an electric power, contrary to that, 


which was firſt employed. 2. Approach the 
ſame end of the conducting needle with any con- 
ducting body not inſulated, and this alſo will 


repel it; becauſe the circumſtances of this body 


being preciſely the ſame as thoſe of the needle, 


(namely, a conductor not inſulated, and brought 


within the influence of the excited electrie,) muſt 
neceſſarily be affected in the ſame manner as the 
needle itſelf, and, having acquired the ſame 


moved, and the needle will be found to poſſeſs 
a pretty ſtrong degree of electricity, and of a 
contrary kind to that which was originally em- 
pace 1 of | 


js. Seck. 
*A ſmall ring or ball made of any conducling ſub- 
ſtance, and a ſuſpended by a filk ſtring, may alſo be readily 
| brought 


— = — 2 ö ” 
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_ needle,” to paſs along the conductor, from the 


(1679 


Sect. 10. This effect is produced by the in- 
fluence of the excited body, which cauſes a part 


of the electric fluid, naturally belonging to the 


needle to the table, if a poſitive power be uſed; 
and therefore the needle, by loſing a part of i its | 
natural ſhare, becomes negatively electrified: J 

or from the table to the needle, if a ne * 
power be uſed, and then the needle, by ig A 
an addition to its natural quantity, becomes po- ; 
firively elcErified, In both caſes, the effect pro- 
duced is rendered permanent, by reſtoring the 
inſplation e en electric 1 is removed. 


Seck. 11 on e the experiment at if. 
ferent diſtances, it will ſucceed in every part of 


the ſphere of influencez and the contrary -power = if 


thus - procured, will be weaker as the diſtance 
zncreaſes; ſtronger as the diſtance decreaſes ; 
and ſtrongeſt of all, when the excited electric is 
brought as near as poſſible to the needle, with- 
out bringing it within the en of commu- 
nication. — C25, G9 ISLES. - Tf ( 


lax 12. It may be objefted, has! this ted 
of PR a we _—_— obght 3 not to be repre- 
_ ſented 


brought into a ſtate of contrary electricity, by holdirig an 
excited electric at a little diſtance below it, and by inter- 
rupting the inſulation for 2 moment, before the excited 
body be removed. | 


( a3 


- ſented as being confined 19, the ſphere of influence 

| becauſe the ſame efſett may certainly be. produced, 

not only. at @ leſs diſtance, but even if the excited 

 elefiric. be in contaft. with the needle, In anſwer 

to this objection, it may be obſerved, that an 

excited electric will admit of ſome of its parts 

being weakened, while others ſtill retain} theit 

power; becauſe it is a bad conductor. There · 

fore, when an excited electric is brought ſo near 

, dor the needle, as to communicate to it ſome of 
its power, the parts to ot from which the com: 
munication has been made, muſt be weakened, 
and the whole of the power thus communicated, 
will, be deſtroyed by the inſulation being iotery 
rupted: bur the parts next adjoining to thoſe, 
: to or from which, the communication has been 
6 made, muſt ſtill remain in force, and theſe not 


— 7 
— 


act 40 16 ſtated in the experiment, and. by theig 
influence produce a contrary power.. 


— 


ndr 
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45 "Sect, 1 1355 Let an | tyory needle, of. the  largeſ 
fize before. wentioneg, be choſen for t the e princi- 
pal needle; and a compound needle may be 
made with i it, three. different ways. =— 

I Place a ſmall light needle c on a ſhort pointed 
wie, faſtened perpendicularly into the” upper 
part of the cap of the principal needle, * 


U. $4 
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II pair of ſmall 1 ght needles | may be 
wobbeed on the ends of tha principal needle, by 


placing them on the points of ſmall braſs" Pins, 


paſſing through the balls with which the princi- 
pal needle is armed?” When no balls ate uſed, 
the ſupporting pins may paſs immediately thro 
the arms of the principal needles, a ſmall part 
being left wide enoogh jd na purpoſe At both 
extremities.” Wo a 
II. A/ſmall needle eye 6 the ie manner, 


27104 


bs mounted-on one-end of the principal needle, 


and an ivory ball or ring. faſtened to the otlier 
end, of a ſufficient weight to act as a counter- 
poiſe, and keep the whole in an ' Horizontal 


pole: 20007175 7339" 2018 re; 
The ſeventh figure erat a webe of the 


third fort, with unequal arms: one being nearly 
double the length of the other. A ſhotr lender 
needle is mounted on the longeſt end, and Aring 
of ivory to balance it, is faſtened on che other 
OT. 


% ID 
1 S An dns 8 x 


Set 14. When a compound needle is inſu- 
fied and eleQrified, i it will appear to be in that 


| ſtare, by the index needle 1 1 5 9 5 17 


. 


r 


appear, whether it be "Har 'or 8 elec- 
mn VE: the quickneſs or ſlowneſs of the vi- 
brations, 


) 


(389 


brations, before it, ſettles. This compound 
needle is more ſteady. than the ſingle needle, and 
not ſo liable to be affected by the accidental un- 
Seeed ene abe dene e 


4 N | 1-4 (; 970 . . I; 1 


EXPERIMENT, AN each 


Sect. 115. Let a compound horizontal needle of 
the third ſort be inſulated, but not electrified; 
and let an excited electric, of either kind, be 
uſed in the ſame manner as in the preceding ex- 
periment, and placed within three quarters of an 
inch of that end which carries the counterpoiſe. 
1. Approach this end of the needle with a con- 
trary power, and it will be repelled. 2. Any 
conducting ſubſtance, not inſulated, will alſo 
repel this end of the needle. 3. Approach the 
index needle, which is mounted on the other 
extremity of the principal needle, with a con- 
ductor not inſulated, and it will be attracted. 4. 
Approach this index with the ſame power as that 
with which the-experiment is made, and it will 
be repelled. 5. Remove the excited electric, 
and the needle will be found to be in its natural 
ſtate, and not were excher A or ne- 


n Wy e RN. ? 
e 1; ee SHER | Sect: 16. 


t This experiment may be ſhewn to the greateſt advan. 
tage, by mounting the needle on an electric ſupporter, . 
having a ſhort pointed wire fixed in its upper extremity, 
| 1 long enough to admit of . s moving freely. 


1 
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| Sea; 16. It appears from the particulars of 
this experiment, that during the action of the 
excited electric, one end of the needle was elec- 


trified poſitively, and the other negatively; and 
that the end neareſt to the excited body, had the 
contrary electricity. Theſe effects muſt be pro- 
duced, by ſhifting ſome part of the electrical 


fluid belonging to the-needle, from one end of 


it to the other, and not by adding to its natural 


quantity, or taking any of it away; becauſe the 
excited electric was not brought within the 


communicating diſtance, and the inſulation had 
not been interrupted. Thus a temporary elec- 
tricity, both poſitive and negative, were produ- 
ced at the ſame time, by the influence of the ex- 
cited electric, without any communication; 
and when that influence was removed, the natu- 
ral quantity became again equally diltributed : 
and therefore, at the cloſe of the experiment, the 
e was s found to be in its natural ſtate. 


Sect. 17. Many circumſtances hed 
in performing the laſt experiment. The atmoſ- 
phere ought to be tolerably free from moiſture, 
and the inſulating body in good order, Parti- 


cular care ſhould be raken in approaching the 


different ends- of the needle with the excited 


electrics, and conducting ſubſtances, not to 


bring them any nearer than may be juſt neceſſary 


to ſhew the attraction and repulſion, as men- 


tioned 


2 


06 2 
tioned in the experiment. It will be alſo propet 
to go through the whole in as ſhort a time as 
poſſible. By carefully obſerving theſe cautions, 


the needle will appear to be in its natura? ſtate, 


at the end of the experiment, and not to have 
acquired any ee eg * eicher 
03. 160 | 
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having Jeparate 1 88 ewe may be uſed” at the 
fame Ti n 


Sect. 18. Bend a piece of braſs wire into a 


circle, three inches and three quarters diameter. 
The wire ſhould be about the fourteenth part of 


an inch thick. Let an ivory ball, three-cighths 
of an inch in diameter, be perforated quite 


through the middle, with two holes, in a: per- 
pendicular direction to each other. The two 


ends of the bent wire are to be fixed in the op- 
poſite openings of one of theſe perforations, and 
a round pin of wood is to be well fitted to the 
other, paſs quite through it, and project beyond 


the ſurface of the ball about a quarter of an inch 
on both ſides. The lower end of this wooden 


pin mult be fitted to the inſulating amber before 


mentioned, and the wire circle placed in a ver- 


tical poſition. Let another piece of amber, not 
leſs than three quarters of an inch long, be fixed 
EIA on the uppermott part of the 

wooden 
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wooden pin. A > needle, one inch ſhorter 


than the diameter of the wire circle, is to be 
mounted on a pointed wire, placed perpendicu- 


larly in the upper part of the laſt mentioned 
piece of amber, and of ſuch a length, that the 
middle of the needle may coincide with the 
centre of the circle. Another needle of the ſame 
ſize is to be mounted on the outſide, and upper 
part of the wire circle, on a ſhort pointed wire, 


faſtened in a piece of ivory, which is to be 
fixed there for * * See the * 


Oe | 
EXPERIMENT. 7 


Sect. 19. Apply a well- excited aſe of 
either kind, immediately to the lower needle, 
and at the ſame time let it be brought as near as 


poſſible to ſome part of the wire circle, without 
being within the communicating diſtance. In 


order to do this, paſs one half of the excited 


electric through the plane of the wire circle, 
and within it, as high as the centre, and 
about three quarters of an inch from one fide. 
While it is held in this ſituation, let the wire. 


circle be juſt touched with any conductor not in 


ſulated; then withdraw the excited body, and 


both needles will be electrified, but with con- 


trary electricities. The lower needle will have 
the ſame power as the excited electric, becauſe 


OEM * been in contact; and the upper 


needle, . 


A + } 
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Fe. ES. 
needle, n e wire circle, will have 


a contrary power, becauſe the excited body, with 
reſpect to them, was held within the ſphere of 


influence, when the inſulation was interrupted. 


Both needles being allowed to ſettle, the lower 
will lie in the plane of the circle, by which it will 


be ſtrongly attracted: the upper having the 


ſame electricity as the wire circle, muſt be re- 
pelled by it, and therefore will take a quite con- 


trary poſition : and on bringing the ſame excited 


electric towards the extremities of both, the 
upper needle will be attrafled, and the lower 


- needle repelled, at the ſame time. After ex- 


citing the ſame electric again: firſt bring its 
extremity ſide ways towards one end of the lower 
needle, in order to repel it out of the circle, and 
then gradually lide it into a perpendicular po- 
fition, on the outſide, and in the plane of the 


wire circle, and about an inch from it, inclining 


it a little towards the upper needle: and thus 
the excited body, when it is in full force, may 

be ſo managed, as to attract the upper needle 
into the plane of the wire circle, and to repel the 
lower needle, as to place it at right apgles 
with the ſame plane: by which both theſe nee- 
dles, having contrary electricities, may be made 
to change their reſpective directions, and with- 
out deſtroying the power of either. On with- 
IG the excited electric, each needle will 


„ 
return again to its former direction, and this 
effect may be repeated ſeveral times. 


E X PE RIM E N VI. 


Sect. 20. Let the ſame excited body, which 
was uſed in the former experiment, be drawn 
along in contact with the wire circle, and if the 

lower needle be touched at the ſame time, with 
a conductor not inſulated, then both the needlcs 
will be again electrified with contrary electrici- 
ties; but the power of each will be the reverſe 
of what it was in the laſt experiment. For the 
lower needle being within the ſphere of influ- 
ence, when the inſulation was interrupted, muſt 

have acquired a contrary electricity; and the 
upper needle together with the wire circle muſt 
have received immediately from the excited 
body its own proper electricity; and therefore, 
notwithſtanding both needles will take the ſame 
ſituation as before, on bringing the excited elec- 
tric towards their extremities, the upper needle 
will now be repelled, and the lower needle at- 


tracted. The direction of the two needles gan- 


not be abſolutely changed, by the action of an 
excited electric, in the preſent caſe, becauſe the 
upper needle and the wire circle will have a 
much greater degree of power than they had 
before, and therefore the upper needle will be 
too ſtrongly repelled by the wire circle, and the 

lower 


(29535 
lower needle will be too rongly attrated by 
the . o mic of you A „ 8. 


The 22 f a Pair « vertical Needles. 


Sect. 21. Make two very lender Les of 
ivory, about two inches and half long, having 
one end a little heavier than' the other, and a 
ſmall round hole drilled, through the middle of 
each. Let a piece of i ivory, three inches and a 
half long, two twelfths of an inch broad, and 
one twelfth thick, be pierced quite through with 
a groove, which muſt be a little longer than the 
needles, and wide enough to allow them to 
move freely in it. The needles are to be con- 
nected with the middle of this frame, and with- 
in the groove, by a ſmall braſs pin paſſing thro* 
the needles, and both ſides of the frame. This 
pin is the axis on which the heedles thould move 
freely. Another pin muſt paſs through both 
ſides of the frame, towards the bottom of the 
groove, and between the heavy ends of the 
needles, in order to regulate their motion. Let 
the lower part of the frame be ſo faſhioned, that 
it may ſtand perpendicular in the inſulating 
piece of amber. The upper part of the frame 
may be turned in the ſhape of an acorn, having 


a ſmall hole drilſed into the top, for the recep - 


tion of one end of a ſmall braſs wire bent into a 
Ls. > 2 ſemi - 


( 20 ) 
ſemicircle; the other end of it being formed into 


a a loop, in which a ſmall ring of the ſame wire 


ſhould hang looſely. Let the whole be well 
rounded and ſmogthed; A pair of needles 
made according to theſe directions weighed half 
2 grain Troy, and the frame together with the 
axis, regulating pin, and communicating wire 
weighed fifteen grains. See the ninth figure.” : 


Sect. 22. The whole of the needles this 
mounted and inſulated, will be contained within 
the groove, as long as they continue in their na- 
tural ſtate ; but they will come out of it as ſoon 
as they are electriſſed. If a ſmall degree of elec- 

ricity be given to them, they will ſeparate a little, 
but more on receiving a greater degree, and on 
communicating to them the greateſt power they 
are capable of retaining, in the moſt favourable 
ſtate of the atmoſphere, they will recede fo far 
from each, other as to form; an n angle of 1 30 de- 


grees. 


This pair of needles may alſo bo foſpenided/ by a filk 
wh paſſing through the upper part of the groove, and 
thus become inſulated. Another method of mounting a 
| pair of needles, is ſnewn in the tenth figure,. where the 
axis of the needles paſſes through a ſmall round ball, by - 
means of which they are faſtened vertically on the top of 
a ſlender rod of ivory, the other extremity being left of a. 
proper ſize to admit of its being inſulated, either by the 
ſame piece of amber as before, or by a ſilk ſtring paſſing 
We a hole made for this purpoſe in the lower part. 


* 
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grees.* Thus it will appear from inſpection 
ä alone, Uberker the needles be electriked or not, 


as alſo whether they be ſtrongly. or weakly elec- 
rrified;, and the particular kind of clefricity 
may be aſcertained, by approaching them with 
either a poſitiye, or à negative power, which 

will put them in motion, and they will be found 
to recede from the ſame power, and te approach 


to the contraty power, in every direction, in 
which the elrcumſtances of the e will 


admit of e > 1 c 
ws kb. 
bzb ei 1: wo yuertuar 


5 The 28 * 2 methods of meaſaring the angle which | 
ecdles make when they are. electrifed, may be bf 
Wee notwitkſtanding TY ate not exaQ/ Deſcribe a 
Feinidivels'oft 6th with u radivis equal to half the length 
of the needle :. ¶ Let this ſemicirele de graduated, and, by 
another piece of ;card paſted on che back part of it, be 
made capable of liding ſteadily, on a ſmall rod of wood, 
fixed perpendicularly 1 in a proper and, in che manner Ua 
fre feen. Place the card At che Uiftinch bf two br Mree 
inches from the electrifed needles, and parallel to the 
plane in which the needles open. The axis of the needles 
and the centre of the ſemicirele muſt be at the ſame diſ- 
tance from the table. The eye of, the obſerver being 
then ſo placed as to cover the centre of the ſemicircle 
with the axis of the needles, may obſerve the .angleias 
meaſured by the graduation. Another method is to project 
the Thadow of the electriſied needles on the graduation, by 
placing a lighted candle at the diſtance of two or three 
feet from the needles, which will enable ſeveral perſons 
to obſerve the meaſure of the angle at the ſame time. 
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EXPERIMENT vn. 


Sect. 2 3. Let a well excited electric of either 
kind be brought towards one extremity of the 
axis, and held parallel to the frame, at the diſ- 


tance of one inch and half. Let the inſulation 


be interrupted for a moment, by touching the 


communicating wire, or any part of the frame, 


with a finger. Then withdraw the excited elec- 


tric, and the needles will be ſtrongly electrified, 


with a contrary power to that which was em- 


Ployed 1 in the experiment. 


Sect. 24. This contrary power is produced by 
the influence of the excited body, in the ſame 


manner as was before mentioned in the third ex- 
periment. Sect. 9, 10. If a poſitive power be 


uſed, part of the electric fluid belonging to the 


needles will paſs away from them at the momen- 
tary interruption of the inſulation, and then they 
will be. negatively electrified. If a negative 
power be uſed, , ſome electric matter will be 
added to dom the common ſtock, at 
the time of interrupting the infulation, and 
then the needles will be poſitively elec- 


| trified. 


Sect. 25. This effect may be repeated a great | 
many times with only once exciting the electric 
body; 


| ( i 2 7 ) 

body ; and if a ſtick of ſealing-wax be uſed, no 
perſon, it is apprehended,” will have patience 
enough to determine experimentally, how often 
it may be repeated, which has been frequently 
attempted in vain, and once the needles were 
made to ſeparate to a right angle, or more, eight 

hundred times over, and there appeared to be 
ſtill power enough left to have continued the 
experiment, when it was unavoidably inter- 
rupted. This experiment cannot be carried to 
ſuch a length with glaſs, as with ſealing wax, 
becauſe it is not capable of retaining its power 
long enough. In a moderate dry ſtate of the 
air, a ſmall ſtick of ſealing wax being excited, 
and placed perpendicularly in a ſtand, at a pro- 
per diſtance from all other bodies, was found to 
retain ſome of its power thirty-ſix hours; where- 
as a ſolid piece of glaſs, of the ſame dimenſions, 
being well excited at the ſame time, and placed 
in the ſame circumſtances, loſt all its electricity 
within twenty minutes. This ſeems to be owing 
to glaſs more readily attracting moiſture from 
the atmoſphere than A wax. | 


Se. 26. The power of the excited) electric 
will gradually grow weaker, whether it be 
applied to any uſe or not. Therefore, when 
this happens, it muſt be brought nearer to 
the frame, taking care at the ſame time not 

l | * 
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tion of an electric body, may be ſo managed, 
as to produce the contrary power a great num- 


624 
to bring it within the communicating diſtance, 


which would prevent the long continuation of 


the m mentioned in the e 
ſection. Fw | | 


Sect. 27, I * excita- 


ber of times, yet it will not be ſufficient to give 
its own proper electricity to the needles, ſo as to 


make. them ſeparate to a, right angle, more 


than five or ſix times. The reaſon of this is 


obvious; for, when the excited electric has 


communicated to the needles ſome of its own 
power, it muſt have been weakened by that 
communication. This effect muſt be produced, 


by ſome of the electric fluid paſſing from the 


excited. body to the needles, if a poſitive power 
be uſed ; or from the needles. to the excited 


body, if a negative power be uſed. In either 
caſe ſomething has been really done towards 
reſtoring the equilibrium, and by repeating it, 
the excited body muſt loſe ſome of its power 


every time, and after five or ſix repetitions, it 
will be ſo far reduced, as not to be capable of 
making the needles ſeparate to à right angle. 
Whereas in the method of procuring a contrary 


power, there was only an effort made to reſtore 


the equilibrium, which was prevented from 
taking place, by the reſiſtance of the interme- 
diate 


Y 
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diate air. No actual communication between 
the excited electric and the needles could hap- 
pen, becauſe they were not brought ſo near to- 
gether, as to be within the communicating 
diſtance, and therefore the excited body may be 
employed to produce the contrary electricity, as | 
long as it may be capable 1 wanne the 
ow given to it by friction. } 71 


r VII. 


"Sect, 28. A pair of theſe needles may be uſed 
as a kind of, bygrometer,. by giving them the 
greateſt degree either gf poſitive or negative 
electricity, and then obſerving, how long they 
may be capable. of retaining any part of the 
communicated. power; and. as that time ſhall 
be longer. or ſhorter, we may conclude that, the 
air is more or leſs dry: for, | ina dry ſtate of the 
atmoſphere theſe needles have been obſerved ta 
retain ſome. of the electricity communicated to 
them for ſeyenteen hours, but in a moiſt air 
they will frequently loſe the whole of their power 
within a few minutes, and if it be very moiſt, ſome- 
times within a few ſeconds. When they retain 
the power well, it will be only neceſſary to no- 
| tice the time which paſſes, from their firſt being 
fully electrified till they form a right angle, be- 
cauſe it appears from a number of obſervations, 
made in different ſtates of the atmoſphere, that 
this time, be it * or ſhorter,/ is generally 

Bot about 


(26) 


about one fifth part of the whole time, which 
the needles are capable of retaining any part of 
the communicated electricity. The greateſt de- 
gree of dryneſs and of moiſture may be readily 
determined by the following obſervations. Glaſs 
not aſſiſted by heat will ſoon attract ſo much 
moiſture from the atmoſphere, even in moderate 
damp weather, that on touehing the frame of an 
elefrified pair of needles with it, their whole 
power will be deſtroyed almoſt as ſuddenly, as 

if the frame had been touched with a piece of 
wire. Therefore, when glaſs is found to inſu- 
Jate well, without wiping or warming it, the 
air muſt certainly be'in a very dry ftate, "Elec: 
tric. bodies of the reſinous kind are not ſo readily 
affected by the moiſture of the atmoſphere, as 
glaſs i is; but theſe alſo are found to have their 


| inſulating quality much impaired in very damp 


weather. Therefore, when amber will not inſu- 
late at all, or very imperfe&ly, without being 
wiped or warmed, eſpecially if after it has been 
made quite dry, it ſhould ſoon return again into 
the ſame defeCtive inſulating ſtate, we may then 
conclude that the air is muell loaded with hu- 


midity. 


Sect. 29. It has been juſt before obſerved, that 
all inſulating ſubſtances acquire dampneſs from 
the atmoſphere i in very moiſt weather, and there- 
fore, when that is the caſe, it is neceſſary to dry 


them, 


' 


Cn) 
them, in order to exhibit the effects of elec- 
tricity: and as this will always ſucceed for a 
ſhort time, it it follows, that moiſture diſperſed 
in the atmoſphere is not ſo unfavourable to elec- 
tricity, as when it is collected on the ſurface of 
the inſulating bodies: and from hence it ap- 
pears, that air even in moiſt weather, is a more 
perfect electric, or has leſs of the conducting 
quality, than any other ſubſtance we are ac- 


quainted with at preſent. 
10 EXPERIMENT, Ix 


Sect. 30. Let two pair of inſulated needles, 
in their natural ſtate, be ſo placed that the com- 
municating wires may touch, and that the needles 
may open in planes parallel to each other, when 
they ſhall be electrified. Care muſt be taken, 
not to interrupt the inſulation, during the whole 


experiment. Let an exeited electric be then 


brought towards one ſide of the frame of either 
pair of the needles, and held parallel to it, as 
near as poſſible without bringing | it within the 
communicating diſtance. While it is in this 
ſituation, let the other pair of needles be with- 
drawn, ſo that the communicating wires may 
not be within half an inch of each other. Then 
remove the excited electric, and both pair of 


needles will be equally electrified, but with con- 
trary electricities. The needles which were the 


fartheſt 


( # » 
fartheſt from the excited electric during its in- 
Avence, will have the ſame electricity, and thoſe 


which were the neareſt will have a contrary 
power; and therefore, the electricity of the two 


pair being nbt only oppoſite in quantity, but 


alſo equal in degtee, on holding an excited 
electric over the communicating wires, one pair of 
needles will be attracted, and the other repelled, 
at the ſame time; and on bringing the commu- 
nicating wires again into contact, they will de- 
ſtroy each other's power, and both * return 
immediately to their natural ſtate. 

When two pair of needles are uſed, ig, gener 
to explain the effect produced without confu- 
ſion, it may be convenient to call that pair the 
firſt which, is neareſt to the f hs 55 and 
fe biber the ſecond. 005 


ect. 31. In this experiment, the power pto- 
duced. in the firſt pair of needles neceſfarily pro- 
duces the contrary power in the ſecond pair, by 
the mediation of the communicating wires.— 
When the ;influence of a poſitive power is em- 
ployed, it cauſes, a part of the electric fluid 
naturally belonging to the firſt pair, to "paſs 
over to the ſecond, along the commuriiearing 
wires, Therefore, the, ſecond pair of needles, 
by receiving an addition to their natural quan- 


tity, are poſitively electrified; and the firſt pair 
| | by 


— 


( 29 ) 


by lofing ſome of their natural quantity, are ne- 
gatively electrified. If the influence of a negative 
power be uſed, ſome patt of the natural quantity 
belonging to the ſecond pair, will paſs to the 
firſt pair, by the fame conveyance; and there- 
fore the firſt pair of needles will then be elec- 
triſied poſitively, and the ſecond pair negatively. 
In both caſes, the; unequal diſtribution of the 
electrie matter, occaſioned by the influence of 
the excited body, is rendered permanent, by ſe- 
parating one pair from the other, during the 
action of that influence. | 


Se. 32. Neither pair of needles will thus 
acquire more than half the uw of electrieity 
they are capable of retaining; but they may be 
fully electried, by approaching one of the 
frames with a poſitive power, and the other 
with a negative power at the ſame time; "and 
proceeding with both, in the ſame manner as 
was before directed when one power only was 
uſed : and then the greateſt degree of poſitive 
and negative electricity, which they are able to 
contain, may be produced at the ſame time in 

theſe two pair of needles. 


| Sec. 33. The quantity of the 3 
contained in both pair of needles, is preciſely 
the ſame 2 the whole 3 namely, 
> 161011 


( 30 ) 


their natural quantity. For, as the inſulation 
has been at no time interrupted ; and as the ex- 


cited bodies were not brought within the com- 
municating diſtance,” no electric matter can 
either be added to the needles, or taken from 
them. Their natural quantity is indeed un- 
equally divided; but as one pair receives what 
the other pair loſes, and no'more, they muſt be 
equally electrified with contrary electricities, 
notwithſtanding the abſolute quantity of the 
electric fluid in both pair is always the ſame. 


EXPERIMENT X, 


Sec 34. Communicate to a pair of inſulated 
vertical needles, the greateſt degree of either po- 
ſitive or negative electricity, which they are ca- 
pable of retaining. Bring the communicating 
wire of theſe eleArified needles into contact 
with the communicating wire of another equal 
pair of inſulated needles of the ſame kind, but 
in their natural ſtate, and the power will be thus 
equally divided beween the two pair. Let a 
well excited electric, having the ſame power as 


the needles, be gradually brought towards either 


pair, and held parallel to one ſide of the frame, 
and as near to it as poſſible without being with- 


in the communicating diſtance. The ſecond 


pair of needles will gradually ſeparate more and 
more from each other, and when they form the 
greateſt 


( 31 ) 
greateſt angle, let the two pair of needles be ſe- 
parated, and then on removing the excited body, 
the firſt pair of needles will be in their natural 
ſtate, and the ſecond pair will poſſeſs the whole 
of the communicated electricity. Or, if a well. 
excited electric, having a power contrary to the 
power of the needles, be uſed in the ſame man- 
ner, then will the ſecond pair of needles gradu- 
ally approach each other, and when they form 
the leaſt angle, or are nearly brought within the 
groove, if one pair be ſeparated from the other, 
and then the excited body be removed; the ſt- 
cond pair of needles will be in their natural 
ſtate, and the firſt pair will have acquired the 
whole of the communicated re 


Sec 35. The different effects produces in 
this experiment may be pet's in the follow - | 


ing manner, 


When the greateſt poſitive power is given to 
a pair of needles, and equally divided between 
theſe and another equal pair, each pair muſt 
have received an addition of half that quantity 
of electric matter, which they are capable of 
receiving more than their natural ſhare; and 
this addition is ſhifted from the firſt to the 
ſecond. pair by the influence of a poſitive 
power ; or from the ſecond to the firlt by the 
influence of a negative power. The needles, 
which loſe as much, as was before added to 
them, 


(38 þ 
them, will therefore be reduced to their natural 
ſtate; and the needles. which receive another 
equal additional quantity will be fully alen 
poſitively. 
When the greateſt negative power is given to 
a pair of needles, and then equally divided be- 
tween theſe and another equal pair; each pair 
muſt have loſt half of the quantity of electric 
matter, which they are capable of loſing; the 
other half however ſtill remains in each pair, ) 
ang this remainder is ſhifted from the firſt to 
ii the ſecond pair, by the influence of a poſitive 
= power ; or from the ſecond to the firſt, by the 
influence of a negative power, The needles * 
which receive as much of the electric matter, as 
„ was before taken from them, will therefore be 
bl. brought into their natural ſtate z and the needles ) 
Wo | from which the remaining half is taken will be 
fully electrified negatively. 


# 

„ : | EXPERIMENT XI. 

Wo 

5 Sect. 36. Let a pair of inſulated needles be 

un fully electrified either poſitively or negatively, 

„ and, care being taken not to interrupt the inſu- 
J lation, let a well excited electric, having the 


| ſame power as the needles, be placed parallel to 
Wn one fide of the frame, in different parts of the 
4 ſphere of influence, and the power of the nee- 
i" dles will thus be weakened, more or leſs, as they 


may 


. 33.1) 


may be in a nearer or more diſtant part of the 
ſphere of influence, If the excited body be held 
as near as poſſible to the frame, without being 
within the communicating diſtance, the needles 
will then loſe the whole of the communicated 
electricity. In moderately dry weather, all their 
wer may be thus deſtroyed in a ſingle ſecond; 
wy in a very dry ſtate of the air, this effect can- 
not be produced in leſs than three or four ſe- 
conds. If the action of the excited body be 
continued a longer time, than may be neceſſary 
to deſtroy the communicated power, the needles 
will then acquire 2 contrary electricity, which 
will be weak in a dry ſtate of the air, but 
ſtronger when it is inclined to moiſture,* 


Sect. 27 by performing this experiment with 
two excited electrics of the ſame kind, placed 
parallel to the ſides of rhe frame, the power of 
the needles may be deſtroyed at a greater diſ- 
tance, or in a ſhorter time: and in the latter 
part of the experiment, the greateſt degree of 
the contrary power may thus be given to the 
needles, without interrupting the inſulation, 


+ $2814 : | \ 
* D Sect. 


* A ſmall ting or ball, made of any conducting ſub- 
ſtance, and ſuſpended by a filk ſtring, may alſo be brought 
into a ſtate of contrary electricity, by holding an excited 
electric below it, about half a minute, and without in- 
terrupting the inſulation, 


(5) 
Sed. 38. T hus it appears, that the action of 
an excited body has a tendency to weaken the 


fame power in the whole ſphere of influence: 
and this effect is perfectly conſiſtent with what 


was ſhewn before, in the third experiment, that an 
excited body produced a contrary power within 
the ſame limits; becauſe deſtroying one power, 
and producing an equal degree of the contrary 
power is, in fact, one and the ſame thing: and 
therefore it - appears from the latter part of the 
preſent experiment, that a continuation of the 
ſame influence, after it has deſtroyed one power, 
produces the other. In the third experiment, 
the inſulation was interrupted, and a ready com- 
munication formed with the common ſtock ; 
but in the preſent experiment the inſulation has 
not been interrupted, and therefore, when it is 
performed with a poſitive power, the effect pro- 
duced muſt be aſcribed to the electric fluid paſ- 
ſing from the needles, either immediately to the 
air, or over the inſulating ſubſtance to the table. 
When a negative power is uſed, the electric 
fluid muſt have the ſame conveyance, but in a 
quite contrary direction. From hence it fol- 
lows, that electric bodies are conductors of elec- 
tricity in a ſmall degree : but this will be the 
ſubject more immediately pager: Sonlderation, | 


in ie: ſecond part. 
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The Confiruttion of an horizontal Needle, in couch 
- the 'Powers of Elefirivity ad Magneti are 
. oft {nth ag Med 3 coef | 
14 vic Lk 74 AHH COD. YT GER 
SeR. 39. Make a ſwall ivory cap in the ſhape 
of an acorn, and having two holes drilled into 
the thickeſt part of the ſide, directly appolite 
each other: in theſe the arms of the geedle are 
to be faſtened. Let one arm be a hardened 
ſteel wire, the twenty · fourth part of an inch in 
diameter, and one inch long. Let the other arm 
be a ſmall ivory rod, of the ſame diameter, and 
of a lufficient length to balance the ſteel wire. 
| The whole of this needle: will be about faur 
inches long. Let a rod of ivory, the twelfth 
part of an inch in diameter, and of the ſame 
length as the needle, be faſtened horizontally to 
the ſupporter, about a quarter of an inch below 
the point. The ſupporter ſhould not be more 
than one inch long, and muſt be well inſulatedl. 
Communicate a magnetic power to the ſteel 
wire, and let the ſouth pole, or that end which 
turns to the north, form the extremity of the 
needle. This power will be ſufficient to give 
the whole needle a magnetic direction, when it 
ſhall not be electrißed, and the horizontal rod 
muſt be brought into the ſame direction: but 
as the needle will de apt to vibrate from one 
fide of the magnetic meridan to the other, wo 


prevent this, make a {mall ſcroll of ivory, con- 
D2 cave. 


. 
cave on one ſide and convex, on the other. Let 
this ſcroll be ſo faſtened to the horizontal rod, 
at the diſtance of half an inch from the ſuppor- 
ter, that it may be turned round a little, and yet 
remain ſteady in any poſition; and if the ſhort 
arm of the needle be made to reſt againſt the 
concave ſide of the ſcroll, it will then not only 
prevent the vibrations above mentioned, but 
alſo confine the motion of either arm to the 
proper ſide, when the needle ſhall be electrified. 
See figure 13. The magnetic power gives its 
own peculiar direQtion' to the needle, when it is 
not electrified; and the fixed horizontal rod, 
whether the conſtruction be electrified or not, 
preſerves that direction. The power of elec- 
tricity cauſes the needle to ſeparate from the 
rod; and the angle of ſeparation increaſes with 
the degree of the communicated power. = 

The angle of ſeparation may be meaſured ia 
the following manner. Deſcribe the arch of a 
circle of one hundred degrees on any convenient 
ſubſtance, with a radius a little ſhorter than the 
length of the ivory arm. Let this arch be gra- 
duated, and ſo placed on the table, that the 
centre of the graduation may be under the mid- 
dle of the ſtand, and the firſt degree under the 
ivory arm. When the conſtruction is electri- 
fied, the eye of the obſerver being then placed 
above, ſo as to covet the middle of the ſupporter 
with the 1vory atm, and kept ſteady in the ſame 
2 5 plane, 


N) 
plane, which will be that of the needle and its 
ſupporter, may eaſily obſerve the angle of ſepa- 
ration. This angle may be alſo meaſured, by 
placing a lighted candle on a ſtand, pretty high 
above the level of the needle; and on the fame (ide 
of the rod as the ſnorteſt arm; and when the ſha- 
dow of this arm ſhall be brought to reſt on the 
middle of the ſupporter ; then will the middle 
of the flame of the candle be in the ſame plane 
as the needle and the ſupporter; and the ſhadow 
of the longeſt arm will conſequently ſhow what 
part of the graduation ſhall be interſected by the 
common plane of the needle and its ſupporter; 
and thus meaſure the angle of ſeparation.” But 
the moſt exact method of meaſuring this angle 
will be, to place the conſtruction, together with 
the graduation, on the face of a looking glaſs; 
and after every part has been properly adjuſted 
and electrified, the eye being then placed above 
ſo as to make the ivory arm coincide with it? 
own reflected image in the glaſs, may eaſily 
obſerve, at what particular degree this coinci- 
dence ſhall happen, me 1 be the WEE 
of pig _ required.” | 


Seck. 40. This aue will be convenient for 
mopiag the influential electricity, by holding 
the excited body parallel to the under ſide of 
the horizontal rod, while the inſulation i is inter- 
D * | rupted : 


( 38. ) 
rupted.: and, as it is not only capable of ſhew- 
ing a very ſmall degree of power; but is alſo 
more ſteady than the other horizontal needles ; 
therefore it may be uſed to advantage in ſeveral 
of the preceding experiments, and will even 
ſupply the want of web of vertical Senn in 
es N sti | | 05 


808, 41. The uſe of this conftrafiion appears 
to be confined, to the magnetic meridian z but it 
may be ufed in any other direction, by placing 
a good artificial magnet in that direction, and 
with its friendly pole ſo near to the Reel extre · 
mity of the needle, that the attraction between 
them may be a little more than ſufficient to 
counteract the magnetiſm of the earth. A good 
magnetic bar, three inches three quarters long, 
and the ſixth part of an inch ſquare, placed bo- 
rizontally on a ſtand, will be ſufficient ta anſwer 
this purpoſe, at the diſtance of four inches. It 
muſt be obſerved, however, that the magnetic 
meridian is the beſt ſituation for uſing this con- 
ſtruction: becauſe, if it be employed in any 
other, it will be neceſſary to take into the ac- 
count the magnetiſm of the earth, which muſt 
either increaſe or diminiſh: the angle of . 
tion, in every 9 poſition; a ite 

7 | 


( 39 } 


Sect. 42. This conſtruction has been ſome, 
times uſed as an electrometer; and perhaps a bet · 
ter inſtrument of this kind might be conſtrued 
on the fame principle, by mak ing a few altera - 

tions, and by employing a good: artificial magnet 
at the ſame tiene: this however muſt depend on 
the iſſue of ſome experiments, which have not 
hitherto been ſufficiently tried. 7 


Sect. 43. Electricity and magnetiſm are here 
united in the ſame needle, and made to ccunter- 
act each other; and as this combination does 
not appear te produce the Jeaſt effect in deſtroy- 
ing or increaſing either of theſe powers; it is 
therefore probable, there is little or no relation 
between them: but this will be more particu- 


larly conſidered, in another place. See 5. 103. 


SeR. 44. Excite a ſmal] electric of either 
kind, and bring every part of its ſurface into 
contact with any conducting ſubſtance, until it 
can no longer communicate its own proper elec- 
tricity. Bring this electric ſideways towards the 
extremity of an inſulated needle in its natural 
ſtate, and it will attract that needle, though it 
be no longer capable of communicating the leaſt 
power. Bring it towards a needle having the 
ſarne eleclricity, and it will repel it. Laſtly, 
hold it under the greateſt part of the horizontal 
rod, either very near or in contact with it, and 


7 * K 4 \ On 


(49 ) 

on touching any part of the conſtruction with a 
conductor not infulated, and then removing 
the electric body, a ſmall degree of the con- 
trary power will be produced, ſo as to make the 
needle ſeparate to an angle of thirty degrees. 
This effect may be repeated ſeveral times; and 
from hence, therefore, it appears, that an ex- 
cited electric, after its power has been ſo far 
reduced, as to render it incapable of communi- 
cating its own proper electricity, does however 
ſtill retain a permanent degree of the ſame 
power, by which it can Produce a ſmall degree 
of influential electricity. in a body in * 
with i it. N 
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T has hitherto been princdpul ronlidered, 
what ſome of the effects are, which an elec- 
| trie power is capable of producing on conduct 
ſubſtances; ; and i it will be now proper alſo 
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f Seck. 45. Lo a piece of ed alk en or 
woollen cloth, about one inch wide and four in- 
ches long, be placed on the table; and on rub- 
bing the whole of the upper ſide with a ſtick of 
ſealing-wax, or with glaſs, in its natural ſtare, 


the 


(548. 6 + | 
the riband of cloth; and the Tubbing part oF the” 


electric body will thus acquire contrary elec- 

- tricities, as will appear on bringing both to- 
wards nezdies; diftferemiy glectvified. The rr 
band or cloth will thus get a ſufficient degree of 

| power to electrify a pair of vertical needles. It 
appears alſo to act in the ſame manner on both 
ſides; though one ſide only was rubbed y and 
will retain ſome part of the power ſeveral mi- 
nutes, thougti it be allowed to remain on the 
table, without the leaſt care. Thus it appears, 
that the excited eledrig and the rabber have } 


contrary powers, 


* 2 2 ** 4 


The Conftrudtion of Minas Needles n made of „ : 
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„eck 46. 12 By 7 ride of * f | 
tortoileſhel|, Tadian gr Vd 2 \ 
Ws 3 + 4 8 Me ol F ame tv 
or. three inches long, be made into 4 EN . 
nearly reſembling the ſhape of the ivor belt 
zontal needle before meutioned, as the Yate 
nature af this ſubſtance will. admi bot or, a 


piece of amber of the fame length, an ut the 
tenth part af an inch thick, ; may be filedrigeo a 
ſerpentine: form as in figure 6: or any oblong 
piece of amber will anſwer the purpoſe, if it be 
made ta turn freely on a ee ch a. 
Let the needle be well „ 


'F 
HA 


II. 


( 48 ) 


II. It may be made of tortaiſcſhell,. which, 
may be; eaſily formed into as flender a needle as 
ivory itſelf, and is alſo capable of receiving. a 
good poliſh. 
III. Iadian grafs is nearly as . 
ſubſtance as tortoiſeſnell. It is ſaid to be a ve- 


getable production, brought from Italy in the 
form of long ſtrings, and is frequentiy uſed by 
the angler, on account of its ſtrength and tranſ- 
pareney, for the loweſt part of his line, to which 


the hook ia faſtened· To pieces of this ſub- 


ſfanee; about one ineh and a half long, being 


connected 'with-an ivory cap: wilt make à nee-" 


dle, which is well anten to the . 2 
4 JBEOTQQ® YU 18909 18 $199 78 1} S4Or. 
Iv." A. needle may be made of lk in the fol- 
lowing manner. Form a Rein of fil from the 
worm, of about forty or fifty rounds, and long 
enough to admit of two Knots being tied over 
the whole fketn, near the middle, and juſt far 
enough afunger, that a proper cap may 'paſs be. 
tween them. Leta cap be made of ivory, hav· 
ing a ſmall bead quite round the lower part, 
Paſs the cap cfitough the middle of the fille 
fibres, and between the two knots, The bead 
at the hottoch of the cap will prevent the fille 
from flipping downward, and a ring of ivory 
being well fitted to the upper part of the cap 
wil prevent * Rom pins opward.” Let 
them 


„ „ 
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then the ends of the ſkein be cut open, and the 
fibres left about an 1 inch 8 on ſides * | 
the cap. pitches, | e 


7 4 
. iS — 


- 14211 


N II. 
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oy 


Set. oY Let a ſmall i ivory rod, three inches 
long, and having a ball of ivory fixed on one of 
its ends, be faitened by the other end to the 
ſupporter, about half an inch below the point. 
After mounting one of the needles, juſt before 
deſcribed, on the ſupporter, apply an excited 
electric of either kind to the ball, and the ſame 
power will be gradually communicated to the 
whole needle, as will appear by approaching it 
with a power of the ſame kind, at ſeveral ſuc- 
ceeding ſhort intervals, during the experiment. 
The amber needle will not get all the electricity 
which it can thus receive, without repeating e. 
application of the excited electric ſeyeral times, 
and then, it will be attracted or repelled, in the. 
ſame manner, and at the ſame diſtance. as an. 
electrified needle of ivory, of the ſame weight 
and length. If 2 needle of the fourth ſort be 
| uſed, the gradual communication of the power 
will be rendered viſible, by a flow ſeparation of 
the ſilk fibres; and when it is fully electrified, 
theſe fibres will recede ſo far from each other, as 
to form a kind of half globe on each ide of the 
cap, reſembling the down of a thiſtle. Theſe 
needles 
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needles being made of electric ſubſtances, which 
are the moſt imperfect conductors, muſt there- 
fore receive, or part with, the electric fluid the 
more ſlowly: and conſequently, will require 
ſome time to receive either a poſitive, or a nega- 
tive power; and when they are electrified, they 
will, for the ſame reaſon, continue in that ſtate 
much longer than thoſe which are made of Beier | 

conduclors. | 
The ſilk needle is ſhewn in its natural ſtate, 


and fully eleRrified in the ninth and tenth 
gures.” 


Sect. 48. In the laſt experiment, the fame 
power muſt be communicated to the inſulating 
amber as to the needle ; and this will appear to 
be the caſe, by examining the upper part of the 
amber, after the needle and its ſupporter, have 
been removed. A proper application of the 
influence of the ſame excited electric, when it is 
in full force, will be ſufficient to deſtroy this 
power of the inſulating body, and the continua- 
tion of the ſame influence will alſo produce a 
contrary power in the upper part of the amber. 
The diſtance at which the excited ele&ric muſt 


This needle made of filk, being well electriſied will 
be found to have a ſufficient degree of power, to bring a 
pair of vertical needles into a ſtate of contrary electricity. 
ſeveral times over, by employing it inſtead of the excited 
electric, as in the ſeventh experiment. 
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be held, and alſo the length of time it ſhoold 
be held there in order to produce theſe effects, 
muſt be varied, as the atmoſphere may be more 
or leſs difpoſed to Ines, or to Ay, | 


i 


EXPERIMENT 2 


Sect. 49. When the atmoſphere i is in that ſtate 
which is the moſt favourable for electrical ex- 

eriments, mount an amber needle on a. ſup- 
porter made of ſome electric ſubſtance, and 
having a pointed wire fixed in its upper extre- 
mity, juſt long enough to admit the needle to 
move freely on it. Let the electric body be 
frequently excited in the courſe of this experi- 
ment, that it may be always uſed when it is in 
foll force. | 

I. Approach the 05 in its Sa ſtate 
with an excited electric, and it will be attracted; 
but at a much leſs diſtance than à needle made 
of ivory of the ſame length. While the end is 
thus attracted, it will be repelled by a contrary 
power, and alſo by any conducting body not in- 
ſulated, brought towards it, 

II. Keep the ſame end of the needle in a ſtate 
of attraction for a few ſeconds, and it will then 
be capable of being attracted at a greater diſ- 
tance than it was at firſt, | 

III. Bring the excited electric to the n 


of the eighth part of a an — from the ſame end 
. 


| (49 1. 
of the needle, and after keeping it there about 
half a minute, let ir be ſemoved, and the ends 
of the needle will then have acquired different 
electricities, the attracted end being always of 2 
contrary nature to the port employed. 
IV. Bring the exxited electric 20 about the 
tenth or twelfth of an inch, or ſtill nearer, and 
on repeating this ſeveral times, with the excited 
electric in full force, the attracted end of the 
needle will at laſt acquire the fame electricity as 
the panes Pb and will A be repelled. 
by it.“ 0 | 


Sec. 50 5 2 N late of the air, he am- 


ws, 11 and the 9 mould be well 
dried 


It is proper to obſerve, that after frequently repeating 
the laſt part of this experiment with the greateſt care, it 
ſtil remained doubtful whether an electrit power could be 
communicated to the amber needle, immediately from 
theſe ſmall electric bodies, even through the leaſt portion 
of air; for it was often found neceſſary, to bring the ex- 
cited electric into contact with the end of the needle, and, 
in a very dry ſtate of the air to repeat it, before this event 
could be obſerved; and when it happened at a little diſ- 
tance, a very ſmall thread was often obſerved between the 
excited electric and the needle, which might givea paſſage 
to the electric fluid, and which it was ſuppoſed the excited 
body either carried with it from the rubber, or attracted 
from the atoms floating in the air: but, as a communica- 
tion fometimes appeared to take place, at a little diſtance, 
when no ſuch thing was noticed, it is therefore thus ſtated 
as in the fourth particular, 


A ul 


3. 
dried by the fire, and if the experimentibe they; 
performed in the ſunſhine, this or ay other mo 
derate degree of heat will be generally fang 
ſufficient to prevent any of the moiſture of the 
atmoſphere from collecting on the ſurface of the 1 
amber 1 the whole OY . | 
Sec. 51. On « comparing the laſt e 
with the fourth, it appears, that the ſame effects 
are gradually produced in the amber needle, 
which were obſerved before to take place im- 
mediately in the ivory needle; namely, the dif- 
ferent ends have acquired contrary electricities 1 
from the influence of the excited body, which Fl * 
in the preſent caſe ſlowly ſhifts a part of the 
electric fluid, naturally belonging to the amber 
needle, from one end of it to the other; and 12 ; 
theſe effects muſt not only be produced fn de- 
grees, but will alſo continue for ſome time after 
the excited electric has been removed, and for 
the ſame reaſon, becauſe amber is one of " JL. 
moſt imperfect conductors. When this experi- 
ment is performed with a tortoſſeſhell needle, 
all the ſame effects will happen in a ſhorter 
time, and at a greater diſtance, than with a nee- 
dle made of amber, but will not be ſo laſting, 
becauſe tortoiſeſhell is a better cõnductor than 


amber. 


"4 


Sect. 


* * 
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Sect. 52. It appears from the third particular 
of the laſt experiment, that air is a more im- 
perfect conductor of the electric fluid than am- 
ber. For, if the conducting quality in both 
were equal, as the air muſt be allowed to be in 
contact with the whole ſurface of the amber 
needle, the electrie matter would, in that caſe, 
find a more ready paſſage between the attracted 
end of the needle and the air, than between one 
end of the needle and the other, and conſe- 
quently: the remote end of the needle could not 
be brought. into the ſame ſtate of elefricity as 
the power employed. |. 

The effects of the contrary electricities, pro- 
duced at the ſame time, in the different ends of 
the needle, hy the influence of an excited elec · 
tric, may be rendered viſible in the firſt inſtance, 
by the two following experiments. a 


EXPERIMENT xv. 


Sec. 53. Let a compound ae needle | 
of the firſt ſort, F& 13, be made of tortoiſe- 
ſhell, and mounted on an electric ſupporter, as 
in the laſt experiment. It will, be convenient, 
for the preſent purpoſe, to make both the nee- 
dles of nearly the ſame length, and therefore 
the lower needle muſt be confiderably thicker 
than the other, that it may be heavy enough to 
keep the centre of gravity of the whole com- 
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pound needle lower than the point on which che 

principal needle moves. It will be alſo proper 

to give different forms to the extremities of the 

index, as well as of the principal es in 

order to diſtinguiſh one end from the ber. 

Bring an excited electric ſo near, as to attract 

one end of both needles at the ſame time, and 

after keeping it at the diſtance of half an inch 

from each, about four or five ſeconds, let it be 

removed, and it will immediately appear from 

the motion of the needles, that the different 
ends of both have acquired contrary electrici- 

ties; for, the ends which wete the neareſt to- 

gether, during the influence of the electric 


8 


* % 
body, will not only recede from each other, 
but will alſo evidently attract, and be attracted 
by, the oppoſite ends of the other needle, and \ | 


after making ſeveral vibrations, in which they 
will paſs each other, the two needles will at laſt 
ſettle lengthwiſe, one over the other, ſo that tke 
two extremities which were at firſt attracted by 

the excited electric, and were conſequently then 
on the ſame ſide, will now be,on contrary ſides. 

Both needles will move in order to take this 4 


ſituation, but the greateſt part of the motion 


muſt be performed by the upper needle, be- 
cauſe it is the lighteſt, 


© 


EXPE- 
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EXPERIMENT XVI. 


Seel. 54. The ſame thing may be hewn in a 


different manner, by. bringing/an excited elec- 
tric. to the diſtance of half an inch from one 
extremity of the ſilk needle, mounted on an elec- 


tric ſupporter, and the fibres of the other end 


will gradually ſeparate from each other. Keep 
the excited body in the ſame ſituation for a few 


ſeconds, and, on withdrawing it, a number of 


fibres from both ends of the needle will fly to- 


_ wards each other, and come into contact, Which 


is a neceſſary conſequence of the flexibility of 


the fibres, and of the different ends of the necdle 
e acquired mee 


EXPERIMENT XVII 


_ Se, 55+ Let a pair of vertieal i ivory needles 
mounted in 4 proper frame, be inſulated and 
well electrified, either poſitively or negatively. 
Place another inſulated pair of the ſame ſort, 
but in their natural ſtate, at the diſtance of eight 
or nine inches from the former, and in ſuch a 
poſition, that theſe needles when they open, and 
the frame of the firſt pair may be in the ſame 
plane. Let an eleftric body of the contrary 


kind be well excited, and the whole of its powet 


applied to the ſecond pair, by drawing it along 
between the needles, parallel to the axis, and on 
"+ iO L that 


* 


>, 
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that ſide of the frame which is the fartheſt from 
the firſt pair: and the ſecond pair of needles 
will not only receive the power thus applied to 
them, but, the firſt pair will at the ſame time 
loſe the whole of their power, as will appear by 
the. needles e nen ene within 
4 . 
PF 
- Sect. 56. Ir Ippeark from: a 
that a ſingle application of one of theſe ſmall 
excited electrics, to the ſecond pair of needles, 
is not only capable of electrifying them, but 
alſo of producing a motnentary electricity of 
the ſame kind, in the intermediate air, ſufficient 
to deſtroy the contrary power of the firſt pair of 
needles, at the diſtance of nine inches. It muſt 
not, however, be ſuppoſed that the ſame electric 
matter paſſes the whole way through the air, 
from one pair of needles to the other; but, that 
106. the electric matter naturally belonging to the 
"6 intermediate air is put in motion, and only 
3 ſhifted onward a little, towards either one pair 
10 of needles or the other, as a poſitive or a nega- 
tive power may be applied to the ſecond pair. 


= Sect. 57. It the experiment be made in many. 
WH other relative poſitions of the two pair of nee- 
dles, beſides thoſe which are included in the 
terms of the experiment, the electricity of the 
firſt pair may be ſenſibly diminiſhed, and, when 

the 
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che two pair are brought nenrer, 88 110 de 
deſtroyed . From hence it appears, that the 
effect produced by the mediation of the ſecond 
pair, is not confined to the plane in which theſe 
needles open, notwithſtanding the effect is ſtrong- 
eſt, and therefore will extend 1 the an gif: 
rance in that direction. 


* 


Sect. 58. If the excited electric be applied to 
the ſecond pair of needles, on that ſide of the 
frame which is the neareſt to the firſt pair; then 
the contrary power of the firſt will be only 
weakened” by à fingle application, and it can- 
not be wfiolly deſtroyed by ferquently repeating 
it, notwithſtanding the electric body be well ex- 
cited immediately before each application. From 
hence it appears, that the principal effect bh the 
air, in this experiment, muſt be produced by 
the oppoſite extremities of the needles; ahd not 
by thoſe between which the excited electric was 


. * 


N "See. 59- Ic has been obſerved before, that 
one of theſe ſmall electric bodies, if it be well 
excited, was capable of communicating its own 
proper electricity to a pair of vertical needles, 
ſo as to make them ſeparate to a right angle five 
or ſix times. $ 27. Therefore it is the exceſs 
of the power beyond what the ſecond pair of 
needles are capable of retaining, which princi- 


E 3 pally 
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pally acts on the air in the preſent caſe, and this 
experiment will ſucceed at double the diſtance 
before mentioned, or farther, provided the elec- 
trie body be frequently excited and applied, as 
in the experiment by which the contrary power 
of the firſt pair of needles will be gradually di- 
miniſhed, and at length deſtroyed. 


Sect. 60. Thus then it appears, from the five 


laſt experiments, that electric bodies themſelves 


are conductors in a certain degree, even when 
ſmall electrics are employed: and if the elec- 
trician will attend to this circumſtance, when he 


is uſing a well excited glaſs cylinder, he will 


find, that a conſiderable quantity of the electric 


fluid is conſtantly ſtealing over the ſurface . 


the inſulating ſubſtance, 
EXPERIMENT A 


Sect. 61. Form a Lind of cubical lanthorn of 
plates of crown window glaſs, fix inches ſquare, 


united in any frame. Let the whole of one of 


the fide plates be covered over with a coating of 
ſcaling wax, or of copal yarniſh, which will ren- 


der it fit for uſe in almoſt every ſtate of the 
_ atmoſphere. Then let the third and ſeventh 


experiments be repeated, by placing the proper 


needles in this cavity, and bringing the electric 
power towards the outſide of the varniſhed plate; 


and they will ſucceed in every part: and, in 
general, 


the. a 


——— 


general, all thoſe effects may be produced, but 


6 


in a leſs degree, which have been already ſhewn 
to belong to the ſphere of , influence, notwith- 


4 arg the interpoſition of the glaſs plate. 


4 


Sect. 62. This experiment has been alſo found 


to ſucceed through the ſide of a, dome. ſhaped 


glaſs veſſel, the twelfth part of an inch thick, 
which was made for the receiver of an air pomp. 
But the moſt eaſy manner of performiog it is, to 

uſe a ſingle plate of glaſs, placed per} endicular 
on one of its edges, in any convenient ſtand: 
and the only reaſon. for uſing. the cubical lan- 
thorn before mentioned. was to obviate the 
following objection. \ That: the influence of the 
-extited body might poſſibly. be conveyed, round the 


edges, and not through, the ſubſtance of the glaſs 


plate. But if 1 it be conſidered that the influence 
of electricity acts in ſtrait lines, in all directions; 
and that no experimental proof can be given of 
its thus paſſing the edges, when proper care has 
been taken to keep always ſome part of the glaſs 
plate directly between the whole of the excited 
body and the needles, this objection muſt appear 
to have no weight, and therefore the experiment 
may be n ſimply with a 8laſs ng. = 


SK, 64: The influence of one of theſe (mall 
cue electrics has been alſo obſerved to act 
through a piece of thick plate glaſs, by repelling 

| needles 


. 
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needles which had the ſame power, and by at- 
tracting thofe that had a contrary power, when 
the excited body and the needles were 1 on | 
different- ſides of the Pee 201 507 201% 0K 


Sekt. 64. It muſt not, however, be coatuded, 
that glaſs is permeable by che electric fluid; or 
in other words, that the ſame electric matter is 

capable of 'paffing from one ſurface of the plate 
to the other, through the pores of the glaſs. 
Becauſe, if this really happened, it is appre- 
hended that a glaſs plate could never be charged. 
When a conſiderable quantity of this fluid is 
collected, in charging a thin glaſs phial, it will 
ſometimes make a breach through the ſubſtance 
of the glaſs for its paſſage : and, it is evident 
from this ſingle fact, that the electric matter 
could not paſs through the glaſs, before it had 
acquired ſo much power th the accumulation, 
as to render it capable of deftroying the texture 
of the glaſs itſelf. Here it may be juſt obſerved, 
that the air on the outſide of the exhauſted re- 
ceiver of an air pump cannot paſs through : 
glaſs, notwirhſtanding it is affiſted by the great 

preſſute of the incumbent atmoſphere; and yet 
ſound, which is nothing more than vibrations 

ommilvicated w-the air, is capable of paſſing 
through glaſs, ſo that the ear can CONYERS all 
its Gene mollieations; 1 6 


of Sect, | 


13 


Seck. 65. It appears from the laſt experiment, 
that the influence of an electric power acts thro? 
glaſs, in the ſame manger as it does through the 
air. It might reaſonably be expected that ſo 
denſe a body as a glaſs would not tranſmit this 
influence without ſome diminution, eſpecially 
when ſuch ſmall electric bodies are employed as 
in the preſent caſe. It will appear alſo, from 
the fallowing experiment, that the influence of 
an electric power produces a permanent con- 
trary electricity in the glaſs Plate, and therefore 
' 5 ſome part of the influence is likely to be Nr 
pended by ene on 456 Blals itſelf... 
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EXPERIMENT XIX. 


Set. 66. Let an excited electric of either 
| kind be brought within half an inch of one fide 
\ l of the plate of - window: glaſs before mentioned; 

# and held parallel to the middle of it fot a few 
ſeconds; and then on withdrawing} the excited 
body, and bringing an electrified ivory horizon+ 
tal needle towards the middle of either ſide of 
the plate, if the needle has the ſame electricity 
as the power employed, the glaſs will attract it; 
or if it has a contrary electricity the glaſs will 

| repel it. 


ny 


* 


Sect. 67. I appears, dei os 5 PR 
face of the glaſs plate, immediately oppoſite to 


CW 1 


the ORE body, has acquired #permaident con- 
trary electricity, from the influence of that 
body which cauſes a portion of the electric mat- 
ter belonging to the glaſs, to ſhift from ſome 
parts of the ſurface to others. Notwithſtand- 
ing the electric power of the glaſs plate thus 
produced, muſt reſide principally about the 
middle of that ſide, which was more immedi- 
ately expoſed to the influence of the excited 


body, yet the electrified needle will be attracted, 


or repelled, on both ſides of the plate, becauſe 
the influence of electricity appears by the pre- 
ceeding experiment, to act in the ſame manner 
through glaſs as as It N through the's air, 


* 


EXPERIMENT xx. 


Sect. 68. When the middle of the glaſs plate 
has acquired a degree of permanent electricity, 

as in the laſt experiment, let a well excited elec- 
tric, having the ſame power as the glaſs plate, 
be held parallel to it as before, and the power of 
the glaſs will not only be deſtroyed, but a con- 


trary power will alſo be produced. This effect 


will require a longer or a ſhorter time according 
to the temperament of the atmoſphere. 


Sect. 69. If the whole length of one of theſe 
ſmall excited electrics be brought into contact 
with the ſurface of the glaſs plate, the glaſs will 
not, by that means, acquire the ſame power as 


the 
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the excited electric, bot a power of the contrary 
kind, as before mentioned, though in a leſs de- 
gree than by holding it at ſome little diſtance. 
The reaſon of this will appear from the follow- 
ing conſiderations. The electric fluid muſt al- 
ways paſs with great difficulty between an 
excited body and any other eleAric ſubſtances in 
their natural ſtate, becauſe they are bad conduc- 
tors. See $ 49: Let it be conſi- dered alſo, that 
the contact between the ſide of a cylinder and a 
' 4 | plans, can be only a ſtrait line; and that the parts 
of the excited body on each ſide of the line of 
contact remaining ſtill in force, muſt by their in- 
fluence produce a contrary power, and which 
appears to be more than ſufficient in the preſent 
caſe, to balance that power which the plate may 
| get from an actual paſſage of ſome electric mat. 
\ ter, between the excited body and the Blafs, l 
5 and therefore after the contact, the glaſs plate 
will have a contrary power. But a method of 
communicating its own proper electricity to the 
middle of the plate, from one of theſe ſmall ex- 
cited bodies, will be ſhewn in the ſecond part of 
the r next d vv 
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EXPERIMENT XXI. 


Sect. 70. P. I. Let a tortoiſcſhell horizontal 
needle be mounted on an electric ſupporter, and 


youne ſo near the middle of the inſide of the 
"glaſs 


'( 6 ) 


glaſs plate, hat it may have juſt. rom enough 


to turn round, without touching the plate. On 
bringing an excited electric towards the middle 
of the outſide of the glaſs, as in the laſt experi- 
ment, one end of the needle will be ſtrongly at- 


trafted ; and after keeping it thus attracted for a 


few ſeconds; let the excited electric be removed, 
and the needle will immediately turn half round, 
ſo that the other end of the needle will - then 
attracted oy the * 


, 
= * 7 . 


p. Il. Ter an A infolated pair of 1 


dles be placed ſo near the middle of the out- 


ſide of the glaſs plate, and in ſuch a poſition, 
that when they are cleQrified, their extremities 
on one fide of the frame may move towards che 


glaſs, and be within an inch of it. Then on 


electrify ing theſe needles fully, by applying the 
ſame excited electric when it is in full force, to 
the outlide of the frame, the tortoiſcſhell needle 


will again turn half round, and that end of it 


which was attracted by. the excited electric in 


the former part oſ the experiment, will now he 


attracted by the glaſs plate; and this attraction 
will continue after the excited electric and the 


electrified pair of needles have been removed. 


Sect. 51, The firſt part of the experiment 
may be thus explained, As the influence of an 
excited electric acts in the ſame manner through 

glaſs 


«({ 61 ) 
us an it dogs thraugh the. air, $ 61,,.the two 


ends of the tortaiſeſpelli needle muſt have ac- 


quired' different electricities, and the attracted 
end of the needle have got a power contrary to 
that with which the experiment was made. '$ 49. 
3. 951. But it appears alſo from the laſt experi- 
ment, that the middle of the glaſs plare muſt 
alſo have acquired the ſame contrary power, 


from the ſame influence; and therefore on re- 


moving the excited body, the neareſt extremity 


of this needle will recede from the glaſs plate, 


becauſe" they have the ſame power, and the 
other extremity will be attracted by the middſe 


part of the glaſs, becauſe they have contrary 


powers. In the ſecond part of the experiment, 
the proper electricity of the excited body was 
communicated to the middle of the glaſs plate, 
by the mediation of the vertical needles, and in 
a, ſufficient degree not only, to deſtroy, the in- 


fluential power, of, the glaſs plate, acquired 


in the former part * the experiment, but alſo. 


to give it a permanent electricity of the con- 


trary kind; and becauſe the power of the mid- 
dle of the plate was thus changed, therefore 
the needle. will again turn half round, and the. 
other end of it will now, be utracted by the 
middle * the glaſs. 
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Oifervations on | fimple ro pg and "the 
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" Se. 72. An cleric power M2 = ON to 
any inſulated conducting ſubſtance; bas been 


named ſimple electrification, in order to diſtin- 


guiſh this particular ſtate from that of the 
charged phial: but it will appear whether this 


diſtinction ought to be retained or not, by taking 
a comparative view of both theſe caſes. And, 
if the changes which an electrical power in 
general is capable of making in the electrical 


ſtate of any ſubſtance contained within the 
ſphere of its influence, be taken into conſidera- 


tion, and compared with thoſe which have been 


obſerved in the charged phial, it is apprehended 


that they will not appear to be different in any 


material circumſtance. 
& 


1. In the charged phial, when the inſide * 
either kind of electricity communicated to it, 


the outſide is found to poſſeſs a contrary power. 


It appears alſo from the preceding experiments, 

that either kind of electricity always produces 
the other on any conducting ſubſtance placed 
within the ſphere of influence. And as the 
ſame effect is alſo produced on eleCtrics them- 
ſelves, in the ſame ſituation; and as ſome por- 


tion of the air, ſuppoſing no other ſubſtance to 


be near enough, muſt be unayoidably expoſed 
; «(x8 


. 


FW >. , 


| ( 
to ſuch influence, it neceſſatily follows, that 
neither power can exiſt without the other, and 
therefore, in every poſſible caſe, poſitive and 
negative electricity are inſeparably united. 
| 7 an - 
II. A phial cannot be fully charged, by which 
the outſide acquires a contrary. electricity, unleſs 
the external coating has a communication by 
ſome conductor with the earth. In the ſamne 


manner a full charge of the contrary electricity 


\ ) cannot readily be procured in theſe experiments: . | 
without a ſimilar communication, : 
Fa | 2 p | 
III. In both caſes the interpoſition of an elec- 
P | e _ tric body between the contrary powers is ab- 


* ſolutely neceſſary. In one caſe that body is 
glaſs, in the other it is air; and the experiment : 
1 will not ſucceed in either, unleſs both the glaſs ; 
and the air be tolerably free from moiſture. 
3 
IV. It appears from the eighteenth experi- 
ment, that the influence of electricity acts imthe 
ſame manner through glaſs, as it does through 
the air, and produces a contrary power in both 
caſes. | * s 


* | | . £ a | * 
V. A communication of the electric mattet 
is more eaſily made through the fluid yielding 
ſubſtance of the air than through glaſs; which 


is ſo hard and ſolid a body, as to require a very 


4 COn- 


6; 


7 


( 64 * Fur 4 


confiderable degree of power to ſeparate its com- 
ponent particles: this however ſometimes" hap- 
pens, and a hole is made through the glaſs irſelf,* 
without defign, in attempting to charge a very 
thin phial as highly as poſſible, in the moſt fa- 
vourable ome: of the atmoſphere. 525 


VI. A toncberltg body receives the Rrodge 
charge of the contrary electricity, in theſe ex- 
periments, when it is brought as near as poſſible 
to the electrie power, without being within tble \ 
communicating diſtance, And it is well knowfi 
that the thinneſt phial, if it be ſtrong enough +. 
to prevent a communication between the two _ — 
ſurfaces, will always receive the higheſt om. " 


VII. The electricity of the external ſorface 
of the charged phial cannot be deftroyed, ſo ) 
long as the interna] ſurface remains in force, and - 
continues to exert its influence through the glaſs,” 
becauſe this influence was the cauſe of the con- 
trary electricity on the external ſurface, and muſt 
therefore preſerve it. In like manner, and for 
the ſame reaſon, when a pair of needles have 

been electrified by the influence of an electric 
power acting through the air, the electricity of 
theſe needles cannot be taken away without deſ- 
troying or removing the power employed. 
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Vu. If pate ef homage which the electric 


matter takes in diſcharging a phial be through 
"the air, a ſqall part of the charge will always 


remain: becauſe the whole of the redundaney 


on one ſurface is not capable of forcing a al- | 
ſage through the reſiſting medium of the air, in 
order to ſupply the defictency on the other ſur- 


face. But orL part of of the circuit, fromthe 


K internal to the external coating, conliſts of the 


beſt conductors: and if the coated ſurfaces be 


nearly equal, and directly oppoſite to each other, 8 
the phial will then appear to have retained” no 


part of the charge, ſo far as it is covered with 


tinfoll; bb the parts of it above the coating on 
Hoch ſides will, however, {till retain the contrary, | 


eclectricities, after the circuit has been com- 


pleted.® A reſidue of the charge mãy alſo be 
obſerved in every other inſtance of electrifica- 


tion, in which the. degree. of ene is ſuffi- 
cient to force a communication | tween the 
__-eleArified body and 3 a conductor not mfulated, 

N re a ſmall portion of io wa and if the 
EEY 417i . 7 s expe· 


11 ee * 71 " | + / + ' | + 18 4 
Ds The whole remainder of the 23 phial, muſt not, 
however, be aſcribed to the cauſe above mentioned: for 


after taking away that part of it belohging, to the coated 
| ſurface, which could, not foree a paſſage through the air, 
if che phil be allowed to ſtand a ſhort time on the table, 
the coated ſurface yill again gradually acquire ſome 


power, which muſt be derived from the charge of the phial 


above the coating. Another ſource of the refduum wal 
appear in the next experiment. 
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ſhewn by 
about five inches diameter, the metal cover of 


> 666 ö Ng 
experiment be earefollyy-nnde, it wil n 


that the Whole of the redundanty is not capable 


of paſſiog througlythe'reſiſting intermediate air, . 
in any caſe, and therefote a part of the charge 


muſt always remain. This may be conveniently 
vſiog a well excited Electrophorus, of 


which may be ſo ſtrongly electrified, as to force 
a communication through the air, to any good 


conductor not inſulated, at the diſtance of three 
quarters of ay inch. After this a ſecond com- 
munication much weaker than the firſt, may be 


made at the diſtance of about the twelfth part 


of an inch, which is the reſidue of the charge; 3 
or rather a part of it: for if the ſecond commu- 1 


nication be carefully made through the air, 


without touching the cover, it will be found 


ſtill to have retained enough of the fardt charge 
to ey a per of vertical needles.” 5 EL 


* 


both theſe caſes are ſimilar, in ſo many rematk- 
able particulars, it follows, that they are eſſen- 
tially the ſame, notwithſtanding they differ in 


the degtee of power and ſome other circum- 


ſtances, which may alter the form of an ex- 
periment, without changing its nature It is 
apprehended therefore, that the above mentioned 
diſtinction, & 72, will- not only appear to be 
unpecrdlary' but os! tas either power cannot. 


e 


"Set! 72. As it appears. cox this eu 's thar - 


_— 


6 | = 0 67 ) 
poſſibly iſt without tlie other, as it has been 
ſhewn under the firſt particular, that r 
and negatiye electricity re inſeparably united. 


4 But here it will be proper th,@xamine more par- 
A : arg * nature of Fargo glaſs. Es ns 


Experiment and Oljervgtions ona a chogel Plate 
i 9 of «Glaſs, (#1547 4 . 


ll + $6 54. When a plate of koated laſs has 
| * been charged, and the circuit between i 
d, tas been completed, by the mediation of 
+ good conducting ſubſtance, no part of the, 
coated ſurface js ſuppoſed to tetaiif,any part of 
4 charge ; Hut, accofding to the commonly 
y feceived docttine, the whole of it is ſaid tobe 
| diſcharged ; or in®other words, to be brought 
into its natural ſtate. This however is not really 
the caſe, as wil evidently appear from the fol- 
Towing experiment the deſign of which is 80 
how the effect produced, by y charging and dis- 
charging a plate of —_ R 
(ol 
| EXPERTMENT "XXII. | 
+ H | 


„ HH The ca.. „ alt 


L | 


" Set, 7 's. Let the middle of a piece of crown 


tuen two circular plates of braſs, about the 


FE 2 | in 


e Coat-.. 


No | window glaſs, ſeven inches ſquare, be placed be · 


e part of an inch thick, and five laches : 
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the third part of an inch thick 4 and the whole 


— . A : 
| ( 68 ) . 
in diameter. In order to enable theſe plates 0 


retain a greater degree of power, it will be pro- 
per to terminate each ofghem with around bead 


of the bead ſhoùid be formed on onè ſide of the 

plate, that the other ſide may remain quite, flat, . 
and apply. well to the ſurface of che glaſs. Let ; 
the whöle be inſulated about four igches above 
the table, and in an horizontal | poſition, by faſ- 
tening one end of a cylindrigal piece of ſome , i 
good inſulating ſubſtance to the middle of. the ' 
under plate, the other end of it being fixed in 
any convenient ſtand. - Let a like inſulating ſtem / 

be faſtened to the middle of the, upper plate. | 
Let a braſs chain, which may eaſily be removed, 
reach from the under plate tg the table. In the 
laſt place, bend a piece of braſs wire into ſuch a | 

| ſhape that it may ſtand perpendicularly on the _ 1 
upper plate; and let the upper extremity of this © 
wire be formed into an hook, that it may be re- 
moved at any time by the aſſiſtanee of a ſilk 


1 ſtring," without defiroging the inſulation of the 


plate. b 3 
The glaſs being hos coated with metal G 
both ſides, and having alſo a proper communi- 

cation with the table, will admit of being, 
charged ; and both coatings may 'be ſeparated 
from the glaſs, and examined apart, without, 
deſtroying the inſulation of either: for the opper 
coating * be . by * means of its 
own 


1 


RNs | | 
„„ 
own. 3 ang the ”* coating may 
be ſeparated by taking hold of the corners of * 
the glaſs, and lifting the glaſs itſelf. As glaſs 
readily attracts m6iſture from the atmoſphere, i it 
will therefore be pgceſſary to Warm it in the 
beginning, and to repeat it ſevetal times in the 
courſe of the experiment, en the air Would * 
en 127 Won ad got; 
: | 684 L P. 1. þ 
Wh; , Excite a 1 glaſs tube, of the common! 
| dae, by rubbipg it with ſilk, and apply it re- 2” 
peatedly to the bent wire, until the glaſs be | 
» 4 well charged. Then redflove the chain, which + 
| reaches from the lower plate to the table, and 
alſo the charging wire from the upper plate, b 7 
* laying hold of its hook with a ſilk ſtring. It 
neceſſarily followyy from confidering the quality 
| of the power employed. in the, preſent caſe, . 
| that the upper, ſurface,of the glaſs, together. 
with the upper coating, muſt be electrified po- 
ſitively; aud that the under ſurface and coating 
muſt be electrified negatively : but, as it Is, de- 
ſigned in this experiment to examine the powers . 
of charged glaſs; that no virtue may be im- 
puted to the glaſs but what really belongs to ĩt, 
let both coatings be ſeparated from it; and after 
OY have been brought to their natural ſtate, 
by touching: them with a conducting body not 
F | Bo, , ak 


> x7 


She n 5 


+ 2% 3 
( 70 ) „ 6.7 
inſulated, let the glaſs be replaced between them, 
and whatever effects may now be produced, 


muſt be aſcribed ſolely to the” powers of tho 
charged glaſs. On bringing a Mger/ near the 


upper coating, a a ſmall eleQrical ſpark- will ap- 
r. between that coating and the finger, at- 
tended witk a ſnapping noiſe. Apply a finger 
in the ſame manner to the under coating, and 
the ſame thing will happen. This effect cannot 
be produced twice, by twayfucceeding applica- 
By tions to the ſame coating but it maybe re- 
Cy peated ſeveral hundred times over, in a fayouf 
Fi able ſtate of the atfnoſphere, by alternate, appli- 
cations to the two coapings; and the powers of 
the glaſs will be thus gradually weakened, * 
I his part of the experiment may be explained, a 
_ by obſerving, that the contrary electricities have 
a natural tendency to produce, and to preſerve 5 
each other, on the oppoſite des of a plate of 
glaſs; and therefore, the increaſe or decreaſe of * a 
power, on either ſbrface, muſt; be regulated by 
the increaſe or decreaſe of the contrary power on 
the other fide: and as in charging a plate of ß 
_ glaſs poſitively, no gradual addition of electric 
matter can be made to the upper ſyrface, with- 
out a proper conveyance fo for a proportionable : 
part to paſs away from the lower furface ; ſo i in 
this method of uncharging it, the electric matter 
cannot be gradually taken away from the upper 


duke Vithout wg a x proportionable part to 4 | 
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the under ſurface: one operation is hy reverſe. 
of the other, and fo art the effects: one caſe 
being attended with an increafe, and ns, other 
with a decreaſe of pa wer.. 1 
Let the glaſs be again fully charged, and 
11 after bringing both coatings to their natural 
ſtate as before, let the glaſs be replaced between 
them; and on touching the upper coating with 
1 e = 2 and then ſeparating ir from the vpper 
and poſitive” forface of the glaſs by the inſu- 
1 lating ſtem, this ebgting will acquire a weak 
7 9 power, which will be ſufficient to 
produce à "ſmall ſpark while the glaſs is in full 
force, though after the power of the glaſs ** 
„ been reduced, it will give little or no fpark: 
© but, in both caſes, on touching the coatings 41 
ternately two ot three times, the negative power 
1 of this coating, when ſeparated from the poſitive 
furface of the glaſs, will be fo confidefrably in- 
creaſed, ag to produce- ſtrong negative ſparks.— 
This effeck may now be repeated ſeveral times, 
a by only touching the upper coating, but the 
ſparks will grow weaker every time; and they 
may be reſtored again to nearly their former 
ſtrength, by alternate applications to both coat- 
ings, as befoft. The ſame things will alfo/hap- - 
1 pen to the onder coating, in the ſame circumn:- 
ſtances; bur with this difference; that the power 
of the under coating, on being ſeparated from 
. dhe under. and negative ſurface of the glaſs, will . 5 
» % „„ \ be DO ris 
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be poſi itive, And thus 2 long ſucceſſion of both 
poſitive and negative ſparks may be produced, 


in favourable weather; ar at oy time by * 
ing the glaſs moderately warm. 
It appears from this part of. the experi- 


ment, that each of the ſurfaces of the charged 


glaſs, has a power of producing a contrary 


eleridty, in the coating in contact with it, 


by a, momentary interruption of the inſulation, 


in the ſame manner as was ſhown, before of | 


an excited electric, in $.. 44. It neceſſarily 
follows in producing thels. effects, that, more 


electrical matter muſt have paſſed away from 
the upper coating, at the time of touching 
it, than the ſame. coating could receive from 


the upper ſurface of the glaſs; and therefore, 


the upper coating, by loſing .ſome of its natural 


quantity, will be negatively electrifed; and 


alſo, that more electric matter muſt have been 


added to the under coating, at the time of touch- 
ing it, than the under ſurface of the glaſs. could 
receive from itz axd therefore the under coat- 
ing, by receiving ſomg addition to. its natural 


| quantity, will be poſitively electrified, * It ap- 
pears further, that the greateſt degree of this in- 
fluentia! power, which may be conſiſtent with 
the circumſtances of the caſe, will be produced 


in either coating, by taking care at the ſame 


time to bring the oppoſite, coating into a like 
* of influential elericit,: and thug it . 
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evident, * the influential powers of the two | 


coatings have the ſame relation to each other, as 


the contrary powers of the glaſs itſelf, and will 


therefore aways werte or decreaſe rogerher. 
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'P, II. 2 be Diſcharge. _ 


The gl being again well beigen 6 as at 
firſt, let a braſs wire bent in the form of a ſtaple 
be brought 1 into contact with the upper and lower 


© coating at the ſame time. By this the common 


diſcharge will bo made; but the equilibrium of 
the coated glaſs will be only reftored in part: 


for a conſiderable degree of attraction will hap- 
pen at the ſame time between the upper coating 


and the glaſs, which has frequently been ſtrong 


123 enough to lift a piece of plate glaſs weighing ten 


ounces.* Neithes coating will now ſhow the 
leaſt external ſign of electricity, while it is in 


contact with the glaſs; but on ſeparating either 


of them from it, if care be taken to preſerve 
their inſulations, the upper coating will be 
ſtrongly 4. 2 — 2 and the under 
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 attration of electricity. Perhaps the paſſage of elearic 
matter between the coating and the glaſ may help to ex- 


dlude the air; and then the attraction of coheſion, and 


the preſſure of the external air both above and below, 
may be ſuppoſed to r W * 
N roducing this effec. - 


* ry 
my * 
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* 
coating will be ſtrongly: eleftrified poſitively. 
Let then both coatings be brought to their na- 
tural ſtate, by rouching them when ſeparated 
from the Naa, with a conducting body not in- 
ſulated, and let the glaſs be re- placed between 
them as before. In this ſtate of things, on 
touching the upper coating only, and ſeparating 
it from the glaſs, it will not be capable of giving 
any ſpark; but on touching the coatings alter- 


; 4 
>, 


nately, five, or fix times, it will then give a weak » - , 


ſpark; and this may no be repeated ſeveral 
times by only touching the upper coating: but 
on a ſecond application of the bent wire to both 
coatings at the ſame time, a ſecond diſcharge 
may be perceived, though much weaker than 


the firſt, and the coatings will be again brought 


into the fame electrical ſtate, as immediately after 
the firſt diſcharge. This may frequently be re- 


peated; and a conſiderable number of grong ä 


negative ſparks, may be taken from the coating, 
when it is ſeparated from the poſitiye furface of 
the glaſs. If the glaſs in replacing it = 
the two plates be turned upſide down, the elec- 
trical powers of both. coatings will be changed, 


* 1 


* 


by the next application of the diſcharging wire 


to complete the circuits and a ſucceſſion of 
ſtrong: poſitive ſparks may be taken from the 


coating, when it is N the- negative” g 


ſurface 9 the ga. 


| } 
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It appears from this part of the experiment, 
that the coated part of the charged glaſs was not 
brought into its natural ſtare, by completing the 
circuit between the coatings ; but that ic ſtil] re- 
rained'a degree of permanent electricity: that the 
powers of both coatings were actually changed, 
at the" time of the firſt diſcharge and that a 
 ſucceſſibn of the fame powers may be produced 
in tlie coatings, without renewing the leaſh ap- 

form MM ww... to the i gat ae! 
AY? T ke whole qquamiry of cleric mat- 
ter — to the glaſs in charging it, is evidently 


diſtinguiſhed into two parts in this experiment. 
The belt part, which is by far the moſt conſide- 


rable, appears to have deen readily communi-' 


cated fyom one ſurface of the glaſs to the other, 


along the bent wire, when it was firſt brought 


into contact with both coatings at the ſame time. 
The ſecond part of the charge appears to be 


moe permanent, und remains ſtil} united with 


with the glaſs, notwithſtanding the circuit has 


ws wy 0 en ww vos * eee clearictey, | 
| CY! | wa a3 *© 
* Some 00 terms ſeem to be n. in order to ex- 
Na Preciſion, che diffetent parts of the, charge. 
And if chat part of it which canngt be deſtroyed by com- 
rl the circuit, ſhould be called the permanent part of 
the charge, or more ſimply the charge; then might the 
other part, or that, which may be deſtroyed by complet 
"IE" Sal. be 16 e POR Fs 
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2s well as the other muſt be poſitive on the upper” 


ſurface, and negative. on the lower ſurface; be- 


cauſe, in the preſent experiment, the*charge was 


given by a ſmooth. glaſs tube, excited with a ſilk 
rubber. Now, the ak Aj of the oppoſite and 


permanent powers on the different ſides of the. 
glaſs (each ſide having a tendency to bring the 


coating in contact with it into a ſtate of elec- 
tricity contrary to its own) muſt aſſiſt each other, 


in cauſing part of the electric matter naturally 


belonging to the upper coating to paſs away 


from jt to the under coating, along the diſcharg- 


ing wire, and at the ſame time the ſurcharge paſ- 


| fed the ſame way. The upper coating, there- 


fore, by lofing ſome part of i its natural quantity, 
muſt be . negatively. eleqrified, and the under 
coating by receiving an addition to its natural 
quantity, muſt be poſitively electriſied. The 
whole quantity of electric matter, which the in- 
fluence of the permanent electricity of the glaſs 
is capable of taking from one coating, and of 
adding to the other, bears but a ſmall propor- 
tion to the whole charge: and therefore, the 
ſecond and every ſubſequent diſcharge muſt be 
conſiderably weaker than the firſt, 


77 It appears from ſever of the preceding 
experiments, that a conſiderable degree of in- 


fluential power may be produced at ſome diſ- 


tance, by « an electric n er and therefore 
a ſmall 


a 


5 07” (7 . 


2 ſmall excited body of a cylindrical ſhape, was #. 
| | ſufficient to anſwer that purpoſe : but when the 1 
excited electric has been ſo far weakened that it 9 
* | cannot commubnicate its on power, nor pro- | 
duce this influential power in apy body, unleſs it 
be brought very near or in'cgnta&t with it; 
bodies of a cylindrical form muſt then act 
to great diſadvantage, and a ſmalb degree f 
power only can be produced, as in the expe- 

N riment, 5 44 becauſe the ſtrength of the influ= , 

( / ential eleQricity in this caſe, will be in proportion 

to the ſurfaces of the electric and conducting 
bodies, which are brought near together, or in 
Y & contact with each other; and therefore, a plate 
of glaſs in the ſame circumſtances, whether its 
permanent power. be derived from excitation or 
communication, is enabled from 1 its ſhape to pro- | 
ducesa conſiderable degree of the "influential _ bu 

7 in the coxtings in contact with it. 
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"Set. 78. It appears from this experiment that 
the ingenious profeſſor Volta's electrophorus is, 
in reality, a reſinous plare charged with perma- 
nent electricity by friction: and becauſe there is 
a leſs diſpoſition in a body of this kind to 
attract moiſture from the atmoſphere, than * 
there is in glaſs; it will retain the power 
better, and conſequently be the —.— capable 
of producing a contrary” electricity in the inſu- 
lated metal — If it mould be thought 
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and larger than the inſulated: cover, but without 6 


. politive ſparks may be. produced on the negative 


* EXPE. , 
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1 


neceſſary to ſupport. this obſervation, by direct 4 
experiment; it may eaſily be done by making | 


a thin flat plate of any reſinous electric . 


faſtening a coating to either ſurface. ; and. then 
whether this plate be charged by excitation or 
, communication, one of its ſides will be poſitive, 
and the other ſide negative; and a ſucceſſion of 


ſide, and of negative ſparks on the poſitive . 
by, a proper application of the inſulated metal 1 
cover. It will be alſo found, that this reſinous | 
plate cannot be well charged, either by excita- 
tion or communication, unleſs a coating of ſome 

conducting matter ſhould be kept in contact 48 
with the under ſurface; and it ſhould alſo have | 
ſome communication with the floor. . wif 


$ 


Se&t, 79. "— has berns very properiyaritom « 
mended to uſe a particular & ind of rubber, and 
to attend to the ſtate of it, in order to excit 
glaſs well; but it will not be neceſſary to pay. 
the leaſt regard to theſe circumſtances in the 
following experiments, in which a method will 
be ſhown, of charging a ſmall phial and a. plate 
of glaſs at the ſame time, by a gfadual accumu- 
lation of power; that power being entirely de- 
rived from the glaſs itlelf, and with, no other 
degree or kind of friction, than is neceſſarily © # s 
connected wich the form of the experiment. | 
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_ whole conſtruction ſhould be well warmed at 


per — — 3 the e un 
vety dry. 
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EXPERIMENT *I. 
"The Confrien. 


* 


Set. $0. Place a circle of tinfoil ö e in 
diameter on the table, between a ſoft piece of 
baize and the middle of the ſame plate bf glaſi 
that was uſed in the laſt experiment, which will. 
thus be coated on the under fide 3 and in order 
to preſerve a proper communication with this 
coating, let a fillet of tinfoil reach from it be- 
yond the extremity of the glaſs. The ſame in- 
ſulated metal cover is to be uſed. for the upper. 


coating, as before. Let a thin ounce phial of 
glaſs be filled with braſs filings, and coated with 
tinfoil on the outſide, to about one inch from 
the top. Let a large braſs wire, the fifth part 


of an inch in diameter, paſs-through the cor of 
the phial into the fflings, about an inch of it 


being left above the cork, and let the upper ex- 


tremĩty of this wire be well rounded. This 
experiment, as well as the laſt, requires, that 


and it will be neceſſary to repeat it at pro- 


Taking hold of th! wire 'of the phial with' one 
hand, let it be d on the upper ſurface of 
the glaſs, and its ave Catvies in contact over 


tte middle of the upper ſurface; as fur as the 


tinfoil 
* 


16800 * 
tinfoil coating reaches on the under lige: and 
during this part of the operation, a finger of the 
other hand muſt be kept in contact with the 
fillet of tin- foil. Then lifting the phial by the 9 
wire with one hand, let it be placed on the inſu- 
lated metal cover, ſuſpended. in the air with the 
ther hand; and after, ſhifting the hand from 
the wire to the coating, let the bottom of the 
phial be placed on the end of the tinfoil 
fillet. Place the inſulated metal cover on the 
middle of the glaſs, and touch it with a finger of' , \, 
one hand, while the other hand touches the tin- 
foil fillet. Now lift the inſulated cover by its 
ſtem, and bring the. bead of the cover in con- 
tact with the wire of the phial, and a very ſmall 
ſpark of light will appear between them. Let 
this be repeated in the ſame manner about fif- 
teen times, taking care to preſerve a proper 
communication between the coating and the 
floor. Then taking hold of the phial by the 
coating, let it be teplaced on the inſulated co- 
ver, while it is ſuſpended in the air; and after 
ſhifring the hand from the coating to the wire, 
let it be again placed on the middle of the glaſs, 
and let the bottom be again carried in contact 
over the middle of the glaſs, holding the wire in 
one hand, while the other has a proper commu- 
nication with the tinfoil coating. Let the phial 
be again returned to the tinfoil fillet as before 
and let the inſulated cover be applied repeatedly - | 
to 
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( 81 ) 
to the wire, immediately after every ſeparation 
from the glaſs; and a brighter ſpark together 
with a weak ſnapping, will now attend each ap- 
plication, if it be car. fully obſerved to couch the 
cover with one hand . before every ſeparation, 
while the other hand reſts on the fillet of tin- 
foil. By proceeding in this manner, after the 
third application of the phial to the glaſs, a very 
weak ſhock will be felt in thoſe fingers which 
are uſed in completing the circuit of the glaſs; 
and after repeating two rounds more in the man- 
ner before mentioned, the phial will be fully 
charged. By applying the coating of the phial 
when it is in full force to the upper ſurface as 
before, the glaſs plate will get the greateſt 
power it is thus capable of receiving, and will 
then give a ſhock as high as the elbows, After 
this, on attempting to lift the inſulated cover, 
the glaſs itſelf will generally be lifted at the ſame. 
time, with the tinfoil coating adhering to the 


under ſurface : but by continuing the ſepara- 


tions of the cover from the glaſs, a ſucceſſion of 
ſtrong negative ſparks may be produred by the 
influence of the upper ſurface,” and by turning 
the glaſs over, and leaving the tinfoil coating 


on the baize, a ſucceſſion of ſtrong poſitive 


ſparks may be produced by the influence of the 
otherſide. 
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This experiment may be performed more 
ſteadily by placing the glaſs, together with the 
tinfoil coating and baize, on a plate of metal, 
about one tenth of an inch thick, and of the 
ſame ſquare as the glaſs. The whole may be 
faſtened together by two ſmall holdfaſts placed 
at the oppoſite corners, which will prevent the 
glaſs from being lifted, This plate of metal 
will be uſeful in another view; for after it hag 
been ſufficiently warmed, by retaining heat well, 


it will help to keep the glaſs dry, and conſe- 


quently fit for uſe ſo much the longer. But 
when it ſhall be required to ſhow the contrary 
powers of the oppoſite ſides of the glaſs, it will 
be more convenient not to faſten the parts to- 
gether, and the whole may be kept ſufficiently - 
ſteady, by the operators keeping down one cor- 
ner of the glaſs with a finger, and by placing a 
proper weight on the oppolite corner, 3 


Sect. 8 1. The bottom of the phial cannot be 
carried in contact over the glaſs, without pro- 
ducing ſome little degree of friction; from which 
the power in this experiment is originally derived. 
The cover will appear on examination to be 
electrified negatively, after every ſeparation. from 
the glaſs: but as it was touched in completing 
the circuit between the coatings, before every 
ſepar ation; it neceſſarily follows, that the cover 
can have only an influential electricity, and con- 

ſequently 


83) 

ſequently that the permanent power of the upper 
ſurface of the glaſs muſt be poſitive. The ne- 
gative power of the cover is communicated to 
the wire of the phial, by which the inſide is elec- 
trified negatively, and the outſide poſitively, and 
beth theſe powers will increaſe with every ap- 
plication, becauſe the circumſtances of the phial 
are favourable to its charging. The phial mult 
be inſulated every time it is required to ſhift the 
hand from the wire to the coating, or from the 
coating to the wire; for without this precaution 
the phial would be diſcharged. By applying 
the outſide of the phial to the upper furtace of 
the glaſs, in the manner above mentioned, the 
phial will be partly diſcharged, on that ſurface : 
and though it muſt be therefore weakened, the 
power of the glaſs will be increaſed, and conſe- 
quently enabled to produce a proportionably 
ſtronger effect on the-braſs cover, which by the 
next round of applications, will give the phial a 
ſtronger charge than it had before. And thus a 
very ſmall degree of original power is firlt gene- 
rated and then employed in forming two dif- 
ferent accumulations : and by making each of 
theſe ſubfervient to the increaſe of the other, the 
phial is at laſt fully charged, and the glaſs plate 
acquires ſuch a degree of the ſurcharge, as to 
give a pretty ſmart ſhock ; and after that it re- 
mains capable, by the influence of its permanent 

#2... 0B powers, 
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powers, of producing a ſucceſſion of poſitive 
and negative ſpatks, on the n en. 


| Sect, 82. The contrary chan may 5 given 
to the phial by taking hold of the coating, and 
carrying the wire in contact over the middle of 
the upper ſurface of the glaſs, and by applying 
the power of the inſulated cover to the coating; 
for if the operation be conducted in every other 
reſpect, in the ſame manner as before, then will 
the inſide be electrified poſitively, and the out- 


ſide negatively. The powers of the glaſs plate 


will be the ſame a, they were in the former 
caſe. 


EXPERIMENT XXIV. 


NY 82, It 1s deſigned. to determine; i in Ms * 


experiment, what effects may be produced, by 


making the contrary powers of the phial and 
glaſs plate act in oppolition to each other, - 


FIRST PAR rx. 4 


After the phial has been fully charged nega- 
tively, by the proceſs of the laſt experiment, 
let it be inſulated, and taking hold of the wire, 
Jet the bottom be held uppermoſt, and let the 
hand which holds it reſt on the fillet of tin-foil, | 
Apply the inſulated coyer to the glaſs, and after 
touching it with a finger of the other hand, ſe- 


parate 
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parate it from the glaſs; and on bringing it to- 
wards the coating of the phial, a ſtrong ſpark 
will paſs between them. After repeating this 
between twenty and thirty times, the powers of 
the phial will be deſtroyed-; and by continuing 
the ſame operation, they will be inverted ; for 


the inſide will be at laſt fully charged Postel | 


and the outſide negatively. 
The ſame effect may be produced, by turn- 


ing the glaſs over, and' by repeatedly applying 


the influential electricity, produced on that ſide, 
to the wire of the phial. 


SECOND Pane, 


When the phial has been fully aa nega- | 


tively, as in the laſt experiment, take hold of the 
coating of the phial with one hand, and, while 
the other hand reſts on the tinfoil fillet, apply 


the wire to the middle of the upper ſurface of 


the glaſs, as far as the tin- foil coating extends 
on the other (ide. By this the powers of the 
glaſs plate will be changed. 


Another, and perhaps a better method of ap- 
plying the phial, 1s, to place the inſulated cover 
on the ſurfate; of the glaſs, and then holding 


the phial by the coating in one hand; to apply 


the wire to the cover, while the other hand 


touches the fillet of tin- foil; by which a ſhock 
will be given, and the ſame change of powers 


G 3 will 
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will be produced in an inſtant, which before 
took up ſome little time. On lifting the inſu- 
lated cover by its ſtem, immediately after the 
ſhock, it will; be negative, or have the ſame 
power as the inſide of the phials ? but on re- 


placing the cover, and completing the circuit of 


the glaſs plate, the ſurcharge will be deſtroyed ; 


another ſhock will be felt; and the power of the 


cover, after the next ſeparation, will be poſitive, 
or contrary, to that of the inſide; of the phial.— 
See the: ſecond: part of the twenty-ſecond expe-' 


riment. Apply this poſitive power to the wire of 


the phial, as before; and after fifteen applica- 
tions, the powers of the phial will-be deſtroyed ; 
and by ſtill proceeding in the ſame manner, the 
powers of the phial will be changed, and the in- 
ſide will be fully charged poſitively, and theout- 
ſide negatively, by ſixty applications. 


gle application of the coating of the phial to the 
other ſide of the glaſs plate; and by repeated 
applications of the influential- electricity, pro- 
duced on the ſame ſide, to the coating: of * 
| phial. 2 


Sect. 84. If it were ſimply the object in this | 


experiment, to change the powers of the phial, 
the operation might then be conſiderably ſhort- 


tened. by completing: the circuit of the phial, 


and ea . the whole ſurcharge 
but 


Theſe effects may alſo be produced by a fin-" * 


„ 
but it was intended to ſhow what effects might 
be produced, by oppoſing the contrary powers 
to each other; and by doing this it appears that 
either fide of the glaſs plate can deſtroy the 
powers of the phial, and give it a contrary 
charge; that either fide of the phial can alſo 
change the powers of the glaſs plate; and that the 
powers of the glaſs plate thus inverted, can 
again deſtroy the powers of the phial, and give 
it a full charge of the contrary electricity. 


Sec. $5. The needle deſcribed in $ 39, be- 
ing electrified, may be conveniently uſed to 
examine the electricity of any other body, and 
will be particularly uſeful for this purpoſe in the 
two laſt experiments, by placing it at the diſ- 
tance of twelve or fourteen inches from the 
phial. When the inſulated cover and phial are 
vVveak ly electrified, they muſt be carried towards 
the needle to determine their quality: but as 
the power increaſes, the needle will be either at- 
tracted or repelled. at the whole diſtance, im- 
mediately on every ſeparation of the cover from 
the glaſs, and thus ſhow whether the cover be 
in a poſitive or negative ſtate, When the inſide 
of the phial has been fully charged with the 
ſame power as the needle, the wire can only re- 
pel the needle at a conſiderable diſtance z but as 
ſoon as it has received a full charge of the con- 


trary electricity, the power of the needle will be 
$2 im- 
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immediately deſtroyed ; and this effect may be 
produced even at the diſtance of two feet, by 
going on with the application of the electrified 
cover to the wire of the phial. If the phial be 
kept in full force one minute, by repeated ap- 
plications of the cover, and it be allowed alſo to 
remain in its place, the air contained within the 
limit before mentioned, will acquire ſo much of 
the ſame electricity as the inſide of the phial, 
that on giving a contrary power to the needle 
again, it will not retain'that power well, though 
it will retain the other power as well as before. 
In order to ſhew the laſt mentioned effect, it 
will be proper to give the contrary electricity to 
the needle the ſecond time by influence, and 
not by communication: becauſe, it is difficult 
to give the needle a full charge by communica- 
tion, without giving it more than it can poſſibly 
retain; and which would certainly weaken, if it 
ſhould not be ſufficient to deſtroy the contrary 
power already communicated to the air. See 
the ſeventeenth experiment, in which the elec- 
tricity of a pair of vertical needles was deftroyed 
at the diſtance of nine inches, and through the 
air, by communicating to another, pair of nee- 
dles a greater degree of the contrary power than 
they were capable of retaining. F 55 to 60. 


Sect. 
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Sect 86. Here it may be obſerved, that in 
ſome caſes, the quality of the power may be 
determined by obſervation alone. When the 
phial employed in the two laſt experiments has 
been fully charged, it may be known whether 
the inſide be poſitive or negative, from the light 
which appears at the wire; or from the hiſſing 
noiſe which attends it : for when the phial has 
been fully charged poſitively, if the room be 
ſufficiently darkened, a bright luminous appear- 
ance may be ſeen, diverging in ſeparate rays to 
the diſtance of an inch, attended with an inter- 
rupted hiſſing noiſe; and both the light and the 
noiſe continue a very ſhort time. But when the 
phial is fully charged negatively, a weaker and 
more uniform light appears, which does not ex- 
tend itſelf more than the ſixth part of an inch, 

and is attended with a cloſer and more uniform 
hiſſing; and this noiſe and light always con- 
tinue longer than the former. Even poſitive 
and negative ſparks, paſſing between the inſu- 
lated cover and a finger, may be diſtinguiſhed 
from each other: for, the poſitive ſparks are 
more divided, give leſs light, make a weaker 
ſnapping noiſe, and affect the finger leſs ſenſibly 
than the negative. 


The ſtrongeſt ſparks which can be produced 


in theſe experiments, are thoſe that paſs be- 
tween 
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tween the coating of the phial and the infu- 
lated cover, when they poſſeſs contrary powers z 
but they will be more particularly vigorous, 
if the coating be poſitive, and the inſulated 
cover negative. 
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Obſervations on ſome of the Effecis produced. 
in the Air by Electricity. 


— —— — — — 


SECTION 35. 

HE air deſerves to be particularly con- 
ſidered, becauſe it is the place, or theatre, 

in which both natural and artificial electricity 
are exhibited. And, notwithſtanding a ſmall 
portion of the air cannot be ſo eaſily taken from 
the reſt, and examined apart, as may be done in 
ſolid electric bodies, yet by carefully attending 
to every circumſtance, ſomething may be known 
of the effects which a ſmall excited electrie may 
be capable of producing on the air itſelf: and 
in thoſe caſes which will not admit of a direct 
experimental proof, ſome evidence may be de- 
rived from analogy, by obſerving how other 
electric bodies are affected by the ſame power. 
, Sect. 


( 92 ) 
Sect. 88. The air has been univerſally ac- 
tan to be an electric ſubſtance. It has 


been ſhewn before, in the 29th and gad ſections, 


to be one of the moſt perfect electrics, or to 
have leſs of the conducting quality, than any 
other body. It alſo appears from the 17th ex- 
periment, that when a greater power was com- 
municated to a pair of vertical needles, than 
they were capable of retaining, that ſuch a 
change would be produced in the adjoining air, 
as to deſtroy the contrary power of wed rad 
Pair of needles, at the diſtance of nine Inches.— 


F. 55 to bo, 85. 


Sect. 89. It will be now proper to conſider a 
little, what effects are likely to be produced on 
the air, in a different ſtate of things : namely, 
in the air ſurrounding an excited electric; but 


without continuing the excitation any longer 
than may be neceſſary to excite it fully: or, in 


the air ſurrounding a conducting body, inſulated 
and electrified; but without continuing the 
communication with the electrifying power any 


longer than may be neceſſary to give that body 


all the electricity it is capable of retaining. 
It has been already obſerved, that in a dry 


ſtate of the atmoſphere, a ſmall ſtick of excited 


ſcaling- wax, and alſo an elcctrified pair of ver- 
tical needles, were capable of retaining ſome 


part of their electricity for many hours,—4..25. 
28, 
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28. But, as both were obſerved gradually to 
grow weaker, there muſt have been ſomè con- 
veyance for the electric fluid, either to or from 
the needles, and the ſealing-wax. And as the 
air muſt neceſſarily have been in contact with 
the ſurfaces of both, during the whole time, 
it is not improbable, that ſome ſmall part of the 
electric matter might paſs that way. But if it 
be admitted, that amber and ſealing-wax are 
better conductors than air, it follows; that a 
conſiderable part of the electric matter neceſſary 
to reſtore the equilibrium, muſt have paſſed 
ſlowly along the ſurface of the amber, or the 
ſealing-wax, and not immediately to or from 
the air. It appears from a great variety of ex- 
periments, that all electric bod ies, when they are 
quite dry, receive or part with the electric fluid 
with much tore difficulty than better conduct 
ing ſubſtances: and as air is certainly one of the 
worſt conductors, Y. 29. 52: it is not probable 
that either a poſitive or a negative power can be 
communicated immediately to the air in thoſe 
circumſtances, in which the ſame cannot be 
communicated to any other electric body, nor 
even to the beſt conductor. But it appears that 
no immediate communication can be made, 
either to an electric body, or to a conductor 
within the ſphere of influence, and conſequently 
the ſame thing muſt hold true with regard to the 
air itſelf. Moreover, it has been ſhewn, that 
thoſe 
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thoſe extremities of the needles made of .clec- 
tric ſubſtances, which were the neareſt to the 
acting power, but within the ſphere of influenoe, 
were brought into a ſtate of contrary electricity; 
and that the other extremities were brought into 
the ſame ſtate of electricity as the power itſelf : . 
$. 49. 31. and as it is highly probable: that the 
air, in this reſpect, is alſo affected in the ſame 
manner as other electric bodies; it therefore 
follows, that ſome of the electric matter natu- 
rally belonging to the air is ſhifted from ſome 
parts of it to others, by which both a poſitive 
and negative electrieity are produced at the 
ſame time, in different parts of the air, by the 
Influence of an electric power. | 


Seft. 90. From what has been obſcrved in 


the preceding ſection, it is evident that neither 


an excited electric, nor an electrified conductor, 
in the circumſtances above mentioned, can poſ- 
ſibly be ſurrounded with an electric atmoſphere 
of the ſame kind; but that the air ſurrounding 
both theſe bodies muſt neceſſarily have a con- 
trary electricity, in the whole _— of in- 


fluence. 


Sect. 91. It appears from the 3ſt ſection, 
that the contrary electricities produced in am- 
ber or tortoiſeſhell, by the influence of an elec- 
tric power, will continue for ſome time after the 
power 
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power is removed ; but no ſuch permanent ef- 
fect in the air has been obſerved to attend the 
uſe of theſe ſmall ele&rics. This difference 
may be aſcribed to the fluidity of the air. In 
ſolid eletrics, the equilibrium will be reſtored 
ſooner or later, as they poſſeſs more or leſs of 
the conducting quality. But in the yielding 
ſubſtance of the air, as ſoon as the influence of 
the power is removed, the parts of the air which 
have acquired -contrary electricities, or thoſe 
which” have acquired different degrees of the 
Tame power, may eaſiſy approach each other, in 
conſequence of their mutual attraction, ſo as to 
reſtore the equilibrium in a very ſhort time.— 
An imperfet experimental illuſtration of this 
account of the matter may be ſeen in the ſix- 
deenth experiment. K. 54. | 


Sect. 92. It appears from the eleventh and 
the twentieth experiments, that the influence 
of -an-excited electric was not only capable of 
deſtroying a power of the ſame kind, commu- 
nicated to a pair of vertical needles, or to the 
middic of a plate of glaſs, but alſo of producing 
a contrary electricity in both caſes. 5. 36, 37, 
68. And, as the power of the needles, and of 


the plate of glaſs, were of a permanent nature, 
and conſequently attended with a contrary elec- 
trieity, in their reſpective ſpheres of influence, 


5 0. it IO | that in producing theſe effects 
the 
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the power in the ſphere of influence, in both 
caſes, muſt have been firſt weakened, then de- 


ſtroyed, and at laſt changed to the contrary elec- 


tricity. From hence, therefore, it is reaſonable 
to believe, that when two ſpheres of influence of 
the ſame kind, are brought ſo near together, 


that their moſt diſtant limits interfere, they muſt 
weaken each other. Here it may be proper to 


refer to all thoſe parts of the preceding experi- 
ments and obſervations, in wich a. contrary 
electricity was produced by the influence of an 
electric power; and which have evidently a re- 
lation to the preſent caſe; becauſe, weakening 
the ſame power, and producing an equal degree 


of the contrary power, are different expreſſions 


perfectly conſiſtent with each other; the for- 
mer ſignifying an event in a particular circum- 
cumſtance, and the latter pointing out the 
means by which that event muſt pro HY be 
produced. | - 

The influence of an be goes appears to 


produce a contrary electricity on conducting 


ſubſtances, from 5. 9, 11, 16, 19, 20, 23, 30, 
34» 35, 36, 37, 38. The ſame cauſe appears to 
produce a ſimilar effect on electric bodies from 
§. 45, 48, 49, 51, 93, £4, 66, . 68, vs 
70, * 


(978) 


Ghee, on Elefri ali. 


Sect. 93. Bodies nal the ſame cleftrivity./ 
recede from each other, and are therefore ſaid 


to be i ina ſtate of repellency. But as the rea- 

ſon generally aſſigned for this effect, namely 

the electricity of che electric fluid, is not ſo ap- 

plicable 40 bodies elerified negatively, as it 

( ſeems to | be to thoſe electriſied poſitively, it may 
not be improper to attempt ſuch an explanation 

| of this matter, as may be equally applicable to 
both powers, becauſe it is reaſonable to believe, 

11 that the ſame appearance in both caſes muſt 


proces from one and the lame « cauſe, 


\ Se. 94. Let an ivory horizontal needle be 
inſulated An electrißed either poſitively e or nega- 
tixely, and if the reaſoning i in the 89th ſection 
be admitted, the a air in the ſphere of influence 

« - belopgin to this needle muſt have a contrary 
power, ( go) and, will therefore attract the nee- 
ers but as the air ſurrounds it on every fide, 
this attraction being equal in, 3 direc- 
ou the needle will not have 
t account: but n . 
| 2 tl e needle” Aideways,y with a power of the 


athe Kind as. = to thy, needle, till the 
' of 1 855 belongin to that power 
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ence belonging to the ae and then the elec- 
trical ſtate of the air, and its conſequent attrac- 
tion of the needle on this ſide, muſt be leſſened 


by the influence of a power of the ſame kind 


brought towards it, by 5. 92. But the air on 
the other ſide of the ſame end of the needle re- 1 
maining nearly in the ſame ſtate® as in the be- 
ginning, muſt ſtill continue to attract the needle 

as ſtrongly. as before, and will therefore give it 

a motion that way. And thus a needle elec- 
rrified either poſitively or negatively, will have ( 
the appearance of being repelled, by a power of 
the ſame kind brought towards it, though it be ; 
really attracted by the air on the other ſide. 


Sect. 95: It is hardly neceſſary to obſerve that 
the ſame principle will alſo account for an ele- 
trified needle being attracted by a contrary 
power, which, by increaſing the electricity in 
the air on that ſide of the ſphere of influence ”%; 
belonging to the needle towards which the 
power is brought, muſt neceſſarily give it a | 
contrary motion to what it bad i in the other 4 
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on this fide, and alſo the 
ponding part of the ſphere, o 


a little by the appr & 
fide of the ſame end of 
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Sect 96. Thus it. appears that the motion of 
a body electtified either poſitively or negatively, 


on bringing an electric power of either kind 

towards it, may be aſcribed to the changes pro- 

duced in the electrical ſtate of the intermediate 

air; and conſequently, that the air thus changed 

is the medium which enables one — 
body to act n another at ſome diſtance. 


Yd ohman, an the Eldrife cap. 


„r e 
| curious and ſingular experiment, in his letter to 
Dr. L. of the 18th of March, 1755. 


3 I elefrified a filver pint cann, on an elefric 
ee and, and then lowered into it à cork ball of 
about an inch diameter, hanging by a filk ſtring 
243 till the cork. touched the bottom of the cann. 
ee The.cork was not attrafied to the infide of the 

* cann as it would have been to the outfide, and 

- though it touched the bottom, yet when drawn 
nt it was not found 10 be elefirified by that 


aides. 3 & * A 5 


® the eleftrified cup uß muſt < h 1 in . 
ernte er on the ball lowered into i 
n ee 


N 5 


brought towards the 


b 
(54 Ll 
* p. . 
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40 | toych, as. it would bave been by touching the, 1 


outſide; | 
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outſide; becauſe in one eaſe the influence of 
the Whole internal ſurface acts on different parts 
of the ball at che fame time; but in the other 
ciſe, the influence oni of a: part of the external 
ſarface can act on that ſide of the ball which is 

che neareſt to ir. On this ground ſome expla- 


nation of eee 1 eee apordy in 
the 2am. . renin irons nac vo 


Sec, 98. It enn in the firſt part of theſe 
experiments, that every conducting body, whe- 
ther it be inſulated or not, is attracted by an 
deatici' power within the wliole ſphere-of in- 
fluence, and that the attricted part acgquires at 
the ſame time a contrary electricity: and as it 
appearsalſo, rhat this contrary power encteaſes, 
as the diſtance from the ſphere of communica- 


tion Uecteaſes, it follows, that a'contrariety of * 
power muſt always precede, atid ought therefore a 
to be confidered as the immediate and neceffary! 


cauſe of all attraction, and of every communĩca- 
tion of electricity. "Now witt 


any particular part of the inſulted cork ball, 


muſt be by ſhifting ſome of the electrie matter 
naturally belonging to the ball either to or from 


q regard to the ex- 
| periment under conkiderition, the only means of 
producing a temporaty power of either kind, on 


} 
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inſide towards Which the ball is. brought, will 
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vity, the influence of the whole inſide of the 
veſſel acting on all the different parts of the ball 
at the ſame. time, muſt by its tendency to pro- 
duce a contrary electricity on every part in 
general, prevent that effect from being produced 
on any particular part. And when the ball is 
brought into contact with the bottom, or any 
other part of the inſide, it is very improbable, 
that the influence of a ſmall part of the inſide 
towards which the ball may be brought, ſhould 
be capable of counteracting the united influence 
of all the reſt of the inſide, on the other parts of 
the ball; and unleſs this ſhould be done, and 
the approaching part of the ball ſhauld firſt have 
acquired ſome degree of a temporary electricity, 
contrary to the permanent power of the cup, it 
dan neither be attracted to the inſide, nor receive 
ny part of the You of the cup from contact. 


* Sect. 99. If che upper part of the ball be held 
above the top of the cup, and it be thus brought 
towards the inſide, it will be attracted. Becauſe 
as the influence of no part of the veſſel can now 
act on the upper fide of the hall; and as the in- 
fluence of 5 of the other parts of the inſide 
muſt now act at a greater diſtance than before, 

. therefore the influence of the ſmall part of — 


be capable of bringing the approaching part of 
HOT i into. a * of contraty klearicity, and 


* 464. 
conſequently, the ball will, * in this caſe, be at- 


tracted by the cup, and receive ſome power 
from rouching t the upper part of the infide. "OY 


"Sect. 100. When the ball is brought towards 
the middle of the outſide, it will be more ſtrongly 
attracted, and receive more of the power of the 
cup from contact, than it could in the laſt caſe, 
becauſe the influence of that part of the outſide 

towards which the ball is brought, muſt exert 
its whole force on one ſide of the ball only, 
without the leaſt controul from the ſame kind * 
of influence acting on different ſides rk 11 ball 

at We os time, | 


| Sect. 101. It may not 15 improper t to > ilub⸗ 

trate the preceding explanation, $. 98. by ſhew- 
ing in à different manner, that the influence aof \ 
an electric power adting on an inſulated con- 
ducting body, in its natural ſtate, may prevent 
that body from receiving the leaſt degree of the 
ſame electricity, on . . toty fully 
eledrified, © 


Let a well excited electric be held parallel to 
| the frame of a pair of vertical needles, in their 
1 natural ſtate, and as near as poſſible to the frame, 

without being within the communicating dif-" 
tance. Let the communjcsting wite of this 
pair touch the communicating wire of a ſe⸗ 2 
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| cond pair of needles, fully electrified nich the # 
. ſame We as the excited Dory. After the 
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conteſt, let one pair be ſeparated from the other, 
and then on removing the excited electric, the 
firſt pair of needles will be found to be till in 

their natural ſtate, notwithſtanding the commu- 
nicating wire belonging to them has touched 
the communicating wire of the ſecond pair of 
needles, which were fully ele&rified. This 
in fact was the real ſtate of things in the former | 
part of the experiment. $ 34. | 

It appears alſo, from the latter part of hh 
fame experiment, that the influence of an excited 


celectric on a pair of vertical needles, poſſeſſing 


a contrary electricity, may be ſo managed, as to 
prevent any communication of power from theſe 
to another pair of needles in their natural ſtate, 
notwithſtanding the communicating wire of the 
two pair ſhould * brought into contact. 


Sect. 102. If pk further illuſtration ſhould 
be thought neceſſary, the communicating wire 
of a pair of vertical needles, poſſeſſing their na- 

tural ſhare of electric matter, may be made to 
touch one of theſe ſmall excited electrics; or 
the outſide of the elefrified cup; or even the 
knob of a four ounce phial fully charged, with- 
out receiving electricity from either, provided 
the oppoſite ſide of the frame be kept under a 
proper degree of influence of the ſame elec- 


tricity, as long as the communicating wire ſhal! 


temain within the ſphere of comm u nication. 
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Obſervations 6 on „ the Analogy Beten Lo" 
A4 and Mn. 


Sect. 103. Several writers have a the 
fimilar appeatantes of electricity and magne- 
tiſm, in particular experiments; and the analogy 
will be rendered ſtill more ſtriking, by confider- 
ing the effects of an electric power on different 
ſubſtances, formed into proper needles. It is 
however the influential electricity, and that only 


1 
„ 


in particular circumſtances which bears the near- 
eſt reſemblance to magnetiſm. The experimental 
Philoſopher may find it of ſome uſe to remember 


theſe ſimilitudes: bur a regard to truth re- 
quires alſo his attention to other citcumſtances, 
which plainly ſhow theſe powers to be eſſentially 
different. Some of the moſt remarkable cir- 


cumſtances of this kind are contained under the 


4. 


following particulars, 
"Ihe Elkectriclty may be my in a great variety 


W. 


"of very different ſubRtahces, and is chen capable | 
of being communicated to all bodies in general: 


but magneriſm nr confined to one particular kind 


of matter, both in its origin and communication. 


II. The tourmalin, and a few vir flonia, 
may be excited by heat alone; though the ge- 


nerality of electric nee ANN act 'with= 
du 


* 
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out friction. on the other hand, magnetiſm 
may be produced i in the firſt inſtante by poſition 
alone, without either heat or friction. 


III, Inſulation is a n _ of almoſt | 
every electrical experiment, and no good con- 
ducting body can retain even a ſmall degree of 
this power without it: but nothing of a ſimilar 
nature appears to have the leaſt relation either to 
the retention or communication of on, | 


IV. A conſiderable degree of heat deſtroys 
both electricity and magnetiſm : and yet a mo- 
derate warmth, ſuch as is found to be favourable 
to electricity in every reſpect, moſt certainly 
weakens a magnetic power ; as appears from 
the late Mr. Canton's curious obſervations and 


experiments on the diurnal variation * the _—_ 
netic needle. , 


V. Moiſture is particularly nee 
electricity; but magnetiſm is ſo far from being 
affected by it, that it is not in the leaſt weakened 
by acting through water itſelf. 

VI. Electricity is capable of acting | through 
electric ſubſtances, but with ſome diminution 
of power; and this action is prevented by the 
interpoſition of every other body. Magnetiſm, 
on the contrary, cannot act through 20% at 
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relation to the ome of the earth: but polarity 


( 106 ) 


bodies, though jt cin through all others, ind 
without the leaſt diminution of power. W 


VII. Every pointed conducting body — : 


an electric power at ſome diftance z but nothing 
of the ſame = has been obſerved. das wed 


"_ £314. 


VII. No 799 are . of 9 
any conſiderable degree of electricity in the ex- 


hauſted receiver of an air pump: * but a mag- 
netic body retains the whole of its power, and 


acts with equal force, en! it be ſurrounded 
with air or not. 


IX; Electricity may be perceived by every 


one of the ſenſes, either in its origin or commu- 
- nication :. but, the production and communica- 
tion of magnetiſm are not attended with any 
ſenſible evidences; neither can it be certainly 
known whether a body has received a magnetic 
power or not, without bringing it to the teſt of 
ſome experiment, and obſerving how that body 
and others of the ſame kind mutually act upon 


each other. 
. Elecreity appears to have no immediate 


. appears probable that no ſubſtances could retain the ; 


leaſt degree of eleAricity in a perfect vacuum. 
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is the peculiar and diſtinguiſhing charadteriltic 
of magnetiſm, | N 


XI. The whole of any bcaberr may _ dase 

electrical, either poſitively or negatively : but 
in every communication of magnetiſm, there will 
always be a north and a ſouth pole in e n 
e a final eng d GY 2372006 


| XII. Electricity is aches Fee or * 

| ened by every communication with other bodies: 

( ) magnetiſm, on the contrary, is cither preſerved 

or ſtrengthened by a communication, of that 
power, os ies ole 


XIII. In electricity, the politiye and negative 

wers will in ſome caſes preſerve, and in other 
caſes deſtroy each other : but, in magnetiſm, 
| the poles of a different denomination will al- 
ways preſerve or ſtrengthen each other. ee 


* 


XIV. The ſtrengthening a indie power in 
any body, will only enable it to lift a heavier 
weight, or to attract and repel the different ends 

| of a magnetic needle at a greater diſtance, or to 
communicate this power more readily to other 
bodies of the ſame kind: but the greateſt de- 
Fer of magnetiſm cannot prod uce the leaſt re- 
ſemblance to any of thoſe various effects, which 
may de produced by the accumulation of an 
15 electric Payer: Fame is A. itſelf, or ſo 
inti- 
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intimately united with it, that when it is col- 
leed in a ſafficient quantity, and properly diſ- 
charged, it becomes capable of firing different 
ſubſtances; of rending ſome bodies ta pieces; 
of melting and calcining metals ; of deſtroying 

both animal and vegetable life; and of produc- 
ing all thoſe wonderful effects, which have been 
obſerved to be produced by lightening. - 

Here it will be proper to ſtate particularly, 
that a ſtroke of lightening has given polarity to 
ſteel ; and that the ſame effect has been produced 
by ſending a ſtrong charge of electricity through — {4 
a common ſewing needle. This obſervation may 
help to eſtabliſh the ſameneſs of electricity and 
lightening, if it be taken in conjunction with a 
variety of other circumſtances, in which they 
alſo agree : but as there is no other experimental” 

proof of a real connexion between electricity 
= magnetiſm, and as theſe powers appear to 
be unlike in ſo many other particulars, they 
ought. certainly to be conſidered as being eſſen- 
tially different, unleſs future diſcoveries ſhould 
produce fome other unqueſtionable evidence of 
their connexion, beſides the ſolitary fact above- 
mentioned; which can prove but little in the 
preſent caſe; eſpecially if it be conſidered, that 
the ſtroke of a hammer will alſo communicate to 
Bent * * N 255 
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n e R o * 0 A 1 v 5 1 0 x. 15 
— from a review of the preceding 
experiments and obſervations, that an electric 
power attracts every fubſtance which is placed 
within the ſphere of its influence, whether ĩt be 
an electric or a conductor, and at the fame time 
brings the neareſt part of the attracted body into 
a ſtate o icontrary ey. 80 chat, ſtrictly 
ſpeaking, the oppoſite powers only attract each 
( ) other, ant no ſubſtance is ever attracted, before 
the attracted part has acquired a contrary elee- 
tricity. And as it is the conducting quality 
| whieh enables any body to be brought into a 
41 contrary electrical ſtate, if any particular ſub- 
ſtanee ſhould be diſcovered in future, to he ab- 
AJolutely a non- conductor, it is apprehended chat 
| ſuch a ſubſtanee-would not be capable of» being 
FF 1 F *attratedby electriciey, nor of receivingreither;a 
A politive or a negative power. It appears alſo, 
® ,"-that when the influence of an electrie power acts 
n any electtified ſubſtance, it muſt, by ãtsten- 
daency to produce a contrary electricity, deſtroy , 5 
0 or weaken the ſame power, and preſerve or 2 1 


V * * 
* \Ntrengrhen the ee e power, according to the Wo 


EF? 


. on 


ATION cireu of the caſe. When two 1 
SA bodies, having the fame electricity, tecede from 6 
other, this effect has generally been referred. 

2 6 to the ns repulſion: but ſome attempt 

1 4 » "has. b ade to bew aht it 2 aeribed *, n 
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to a change produced in the electrical ſtate of 
the air by the receding bodies, and that this 
change occaſions the air to attract them in con- 
trary directions. The influence of electricity 
has been ſhewn to act in the ſame. manner 
through glaſs, as it does. through the air; and 
the, principat-phenomena of the charged phial 
appear. to be eſſentially the ſame with thoſe of 
any other electrified body In one reſpect, how- 
ever, they ate certainly different; for on conſider- 
ing the nature of a charged plate of glaſs, it ( 
appears from a direct experiment, that the glass 
is not brought into its. natural ſtate by complet- 
ing the circuit between the two coatings; but 
that ſuch a degree of the poſitive and negative 
powers are ſtill ſo permanently united with the 5 
oppoſite ſides of the glaſs, as to enable them io 
produce the influential electricities in their rei- 1 
pective coatings for ſome time: and on this 
gtound the effects produced by Mr. Volta's elee- 
torphorus may be readily explained. The po- 
tive and negative powers ate ſo; Venen 
vnited, that one cannot be deu without, ac- 
tually producing the other, noryithſtanding it 
gf 05 may not caſily, de bbſervable in {Gmc particular ) 5 
caſes. I his {tri& onion berweth the two powers p 
| ſeems to be deſigned as a preparatq and lead- 
ing ſtep, to promote the reſtoration of the 
librium : and when the united efforts, of üben 
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E 
of the negative to receive its deficiency) are ſu- 
periour to the reſiſtance of the intermediate air, 
a communication muſt be made from the poli- 
tive to the negative through the air; by which 
the equilibrium: will be in part reſtored. And 
all the variety of electrical experiments we can 
perform, appear to be no more than different 
modes of deſtroying or reſtoring the equilibrium. 
By deſtroying it, a poſitive and a negative power 
are produced at the ſame time. By reſtoring it 
in part both theſe powers are weakened; and 
when the reſtoration is completed, all things re- 
turn again to their natural ſtate, and every ap - 
pearance of electricity ceafes. k 
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